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Gastrodia elata and its Symbiotic Association with 
Armillaria mellea. 


S. Kusano. 
With Plates I—V and one Figure in the Text. 


I. Introduction. 


It is more than evident that Gastrodia elata Bl., a non-chlorophyllois 
orchid, is unable to exist as an autophyte. From the analogy with other 
Orchidaceous plants whose vegetative organs are equally reduced, it may 
be reasonably presumed that Gastrodia is a humus saprophyte showing 
mycorhiza, as already assumed by Jonow (’89). Yet no attempt, it 
is true, has ever been made to give a complete account of the correspond- 
ing structures of the subterranean organ. As it seemed to me that an 
anatomical study of Gastrodia, whatever may be the true mode of nutri- 
tion, may throw a certain light on the nutritive function of the much 
reduced subterranean organ, I had once undertaken, about ten years ago, 
a work on this subject. When I éxamined a large number of the subter- 
ranean parts of this plant, I could find nothing else than numerous 
tubers at various stages of development. Much to my surprise, a great 
effort was made quite in vain to establish either their association with 
fungal mycelia or their absorbing action of soluble matters from the 
soil. This superficial observation obscured the real habit of this plant, 
and for the solution of the mystery involved a painstaking study became 
highly necessary, to which, however, I had no opportunity to devote 


myself. 
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It was in 1907 that I was stimulated to reinvestigate this plant 
by an accidental discovery of a flowering tuber attacked by the rhizo- 
morph strands of a fungus, as is shown in Fig. 13. It was the specimen 
that convinced me of the mycorhiza formation: the entangled hyphae 
from the strands have spread out in the cavity of certain cells of the 
tuber, but without giving any indication of its parasitic relation. While 
then I carried out a cytological study in order to make clear the internal 
relation between the two symbionts, it appeared desirable to make some 
culture-experiments relating to the biological problems, such as the deve- 
lopment and the fate of numerous tubers which are found actually not 
associated with the fungus. All these studies have brought forth certain 
remarkable results worth while to present in this paper. 

It would be too tedious to repeat in this place the historical review 
on the mycorhizal problems, which recent authors (Brrnarp, 709; 
Bureerr, ’09; Prxro, *10) have already made, but I must mention 
here the most elaborate works of Bernarp (’09) and Burerrr (’09), 
relating to the mycorhiza of the Orchidaceae. Both authors attempted 
to isolate the mycorhizal fungi from the root, and after carrying out 
several experiments obtained many interesting results on the biology 
and organization of the mycorhiza. The present study will perhaps 
add something to our knowledge on the Orchidaceous mycorhiza recapi- 
tulated by these authors, and further on the symbiotic relation of holo- 
saprophytes to fungi. 

The material for the cytological investigations was obtained partly from 
the field and partly by culture, and was fixed in FLemMrye’s or Krtser’s 
solution and stained with Frewarna’s triple stain, Hemrnyvern’s iron 
haematoxylin, fuchsin iodine green, and a combination of methyl green 
and ruthenium red, or of haematoxylin and congo red. 

In this place I wish to express my sincere gratitude to Prof. S. Goro, 
to whom I am greatly indebted for material which was very valuable 


to me in drawing the general conclusions given in this paper, 
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II. Description of Gastrodia. 
1... aprr. 


Gastrodia elata is an orchid widely spread throughout Japan and so 
common in the vicinity of our College that a sufficient material for ob- 
servations and studies was easily available. It is found growing in the 
humus soil, mostly in woods. As a noteworthy fact, it vegetates predomi- 
nantly under Quercus serrata and Q. glandulifera. At one time I found 
it in the Botanical Garden of our College, flourishing under Sterculia 
platamfolia. In Nikko a few flowering individuals were found on a 
grassy field where no living tree but some small shrubs were found. How- 
ever, the observations at several places show its proper habitat to be woods 
chiefly composed of the above mentioned oaks. This fact gives an idea 
that this orchid might bear a certain direct or indirect relationship to these 
trees. 

In Tokyo the inflorescence-axis appears above ground regularly at 
the end of May. It is long, slender, erect, and brick-reddish, attaining 
at times a height of one metre or more. Racemose flowers (Fig. 2) 
densely arranging on its upper portion give to the axis an arrow-like 
appearance (Biump, 758). Digging them out carefully in the flowering 
season, we can find always a large number of young tubercles lying near 
the flowering tuber, the smallest ones measuring 2 mm, in diameter. 
The flowering tuber, the full grown one, is oblong and slightly curved, 
attaining without almost any exception 10-17 cm. in length. This tuber- 
ous rhizome is the representative of the whole vegetative body of Gastro- 
dia, whereas it may be acknowledged as a most reduced form of orchids, 
as JoHow (789, p. 489) has already noted. 

In my experience, it is a curious fact that in spite of the occurrence 
of young tubercles near the flowering tuber, in most cases no flower-shoot 
appears at the same place in the next year, but at quite an unexpected 
place. It seems to me also strange that the number of flowering tubers 
is exceedingly few compared with the number of sterile tubercles. These 


facts seem to lead us to the view, though incorrect, that the tubercles would 
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attain to the flowering stage one by one after several years’ growth at the 
cost of organic nutritive substances taken up by them. 

One who makes field observations only in the flowering season would 
perhaps find no evidence against this view. At other seasons it might 
be possible to find some tubercles symbiotic with the fungus. However, 
if we bear in mind that such a case is in fact exceedingly rare, a great 
majority of tubercles being in any season always free from the fungus, 
we would hesitate to assign the proper nutrition and normal development 
of Gastrodia entirely to the co-operation of the fungus. Notwithstand- 
ing, the truth of this method of obtaining food can no more he doubted 
from the results of culture-experiments, which further brought to light the 


fate of the young tubercles. 


2. StrRUCcTURE OF THE TUBER, 

The tuber is first covered with scale leaves developed from the nodes. 
They are short-lived, and by the increasing dimension of the tuber they 
are soon stretched out into a thin membrane. Afterwards, in either young 
or old tubers, they become fragmented, except those over the growing 
apices, and stripped off from the surface of the tuber. 

Like potato-tubers, the tuber of Gastrodia produces on its surface 
fragmented thin membranes of a corky nature, which are easily stripped 
off, new ones being formed successively beneath them. The development 
of the cork tissue seems to render the entry of aqueous solutions into the 
tuber highly difficult. Therefore, the access of any nutritive substance in- 
to this plant through its underground portion is inconceivable, so that it 
cannot be ranked to those orchids, such as Wullschlaegelia aphylla (Jouow, 
’85) and Cephalanthera oregana (MacDoveat, *99, p. 2), whose absorbing 
organ is assumed to permit the passage of organic food-substances through 
its surface. This fact calls attention to the problem as to how the isolated 
young turbercles can derive their nourishment from outside, As to their 
ontogenetic origin we may easily judge from the presence of the attachment 
surface on their basal end (Figs. 8, 13), on which a remnant of the decayed 


tuber is often found, that they are offsets of a mother-tuber, with which 
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their nutritive connection has been interrupted during the developmental 
stages. The chief points we desire to know are their subsequent mode 
of both nutrition and development. 

The tuber, a reservoir of reserve material, consists essentially of 
parenchymatous cells. For means of orientating the mycorhizal cells as 
mentioned below we may divide them conveniently into three layers, viz. : 

First layer. This is a peridermal layer developed in the usual man- 
ner. It is composed of cork-cells, rectangular or flattened, and regularly 
arranged as usual. In the growing tuber the outer portion of this layer 
is stripped off as a thin membrane (Fig. 17 a). 

Second layer. It is composed, under the phelloderm, of a few layers 
of round or polygonal, nearly isodiametrical parenchymatous cells. The 
diameter in the tangential direction is nearly equal to that of the cells of 
the first layer. Generally, the size increases progressively towards the 
inner cells (Fig. 17 b). 

Third layer. The remaining inner cells of the tuber may be included 
in this layer (Fig. 17 ¢). In an old tuber it is distinguished from the 
second layer by the larger size (nearly twice larger in diameter) of the 
composing cells. The inner portion of this layer is traversed here and 
there by small vascular bundles. 

In tubers somewhat advanced in growth the cell wall slightly thickens 
and makes its pits clearer (Fig. 17 w). The thickening of the wall is, 
however, less .conspicuous in the inner portion of the tuber, 

In a flowered tuber the central ground tissue collapses and forms a 
hollow space, and this hastens the death of the tuber. 

In autumn a large amount of reserve material is accumulated in all 
parenchymatous cells, which flows out from the cut surface of the tuber 
as a viscous fluid. The essential components of this fluid are soluble and 
insoluble carbohydrates. The former reduces easily Friu1ine’s solution, 
while the latter are fine granules precipitating with difficulty in water. 
The granules occupy the whole cell cavity as an amorphous mass, but 
typically they are aggregated loosely into compound grains of subglobular 


form. The reaction towards iodine shows their being such a starch as is 
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usually found in non-chlorophyllous saprophytes of the Orchidaceae 
and other families (Groom, ’95 a, p. 192, ’95 b, p. 384; Jansu, ’97, p. 
"79; Fiepor, 97; Maenus, ’00; refer also CzarrexK, 705, p. 394). In 
Gastrodia they give the following characters: 

1. In fresh material, alcohol specimen, and microtome section the 
granule gives reddish brown colouration by iodine (alcoholic solution of 
iodine, chlorzine iodine, and potassium iodide-iodine). By heating the 
colour disappears and by cooling it reappears. It may be noted that with 
chlorzine iodine the colour is more intense, while with alcoholic solution 
of iodine it is more brownish (see Mrynr, 795). 

2. The milky fluid becomes translucent and pasty by heating. The 
iodine reaction of this paste gives violet or bluish violet, in a diluted state 
somewhat reddish violet colour. 

3. Under high magnification the granules appear irregularly poly- 
gonal. Each granule measures 1.6-0.8 y, while the compound grain may 
attain to 0.025 0.85 mm. or 0.035-0.04 mm. in diameter. 

4. By the polarisation microscope we can see, though faint, that 
the granule is optically active. 

5. The structure and colour reaction of the starch occurring in the 
flower organs are the same as in the tuber. 

We find in the amyloplast a problematic body. In the peripheral 
tissue of the tuber the amyloplast not containing starch granules is seen 
as a spherical body with distinet wall, containing a heavily staining spot 
(Fig. 37). Accompanying the enlargement of the amyloplast due to the 
accumulation of starch granules, the spot increases in size, attended by 
several alterations in structure. It appears sometimes as a resting nucleus 
having a few chromatins (Figs. 38, 42 a b). It becomes then homogene- 
ous in consistence and is flattened into a dise with faintly staining space 
in the centre showing vacuole (Figs. 39, 40). There occur sometimes 
numerous vacuoles (Fig. 42 ¢). The dise-shape is perhaps due to com- 
pression of a bladder which this body has assumed, as the latter form is 
seen in most of much enlarged amyloplasts (Fig. 42 d). 


These forms of the problematic body are in view successively from the 
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peripheral to the inner cells till about the mycorhizal cell regions. In 
almost all deeper-lying cells the amyloplast, having considerably enlarged, 
does not contain such body (Fig. 41). 

The body in question does not seem, to judge by these characteristics, 
to be identical with either a crystalloidal body or a pyrenoid. As for 
its real nature we must await further study. At present we can state 
only that it is optically inactive, and towards several reagents and stains 
it gives a reaction like a nuclear body, in which a colouring matter charac- 
teristic to this orchid is contained. It fact the same body develops more 
prominently in the peripheral tissue of all the aerial organs where the 


colour is more intense than in the tuber’ 


III. Infection of the Endophyte. 


1. Manner or INFEcTION. 


When the tuber is attacked by the rhizomorph strands, certain inter- 
nal cells of it become infected by the hyphae. The internal hyphae and 
external strands are connected by means of a thick lateral branch given 
from the strands. On this account the infection must be of an unusual 
type, since in an ordinary endotrophic mycorhiza, the infection is as a rule 
effected by a single hypha which perforates the outer wall of the epidermis, 
but causing no apparent injury to the penetrated cell. In the present case, 
the general aspect of infection shows a close resemblance of the rhizomorph 
to a certain phanerogamic parasite, namely Cuscuta. Just as the stem of 
Cuscuta in contact with the host develops the haustoria, the rhizomoph 
strand creeping over the surface of the tuber gives off at intervals the 
infection branches. The latter penetrate into the cortical tissue of the 
host, pressing and partly dissolving it, and after arriving at the second 
layer of cells they give rise to the separate hyphae invading the neighbour- 
ing cells (Fig. 17). 

Before producing the infection branch, the mother-strand sends out 


1, The body in the aerial organ is safranin red in living materials, 
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from its surface, as the means of fixation, the thick-walled hair-hke hyphae 
into the outermost cork-cells of the host. These hyphae are precisely 
comparable in function to the “cushion-cells” of Cuscuta (Prtrcer, ’93) 
or root-hairs developing round the embryonal haustoria of some phanero- 
gamie hemiparasites. Then, under this place the inner cortical mycelia 
of the strand multiply themselves, and upheaving and mechanically des- 
troying the overlying thick-walled brownish cortical tissue, grow out to 
the exterior as an infection branch (Fig. 73). Hence, it is endogenous 
in origin like the ordinary branch of the strand (Dr Basy, ’84, p. 28) 


and also like the haustorium of Cuscita. 


9. LOcALISATION OF THE MycornizAL CELLS. 


The filamentous hyphae arising from the infection branch of the 
rhizomorph strand harbour first in those cells of the second laver which 
lie immediately before the branch, and form in the cell cavity an entangled 
hyphal mass. The branches of hyphae then invade lateral neighbouring 
cells and thus the mycorhizal cells are gradually increased in tangential 
direction throughout the second layer. ‘Further, the hyphae reach the 
outermost cells of the third layer. The latter cells are consequently en- 
larged and become easily distinguishable by their size from the upper 
or lower cells. 

Thus in Gastrodia the fungus infects the limited layers of the peri- 
pheral cells, 7.e. the lower half of the second layer and outermost cells 
of the third layer. Such a local distribution of the mycorhizal cells is 
hitherto known only, among the Orchidaceous mycorhizas, in Neottia 
(Maenus, ’00) and Lecanorchis (Janse, ’97), in which two or three layers 
of the cortical cells are typtically infected, though in other orchids nearly 
all cortical cells entertain the fungus. 

While the distribution of the mycorhizal cells is thus limited in radial 
direction, it shows also more or less limitation in tangential direction ; 
the endophyte is found only to a certain extent around the infected spot 
on the tuber (Fig. 14). 


The extension of the mycorhizal cells can be easily recognized by the 
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naked eye; the surface of the tuber becomes coarse in texture, and the 
cortical tissue so far traversed by the endophyte can be stripped off as 
a thick, somewhat hard coating from the underlying succulent tissue (Fig. 
14). 

In the strict sense of the word, we must use here the term “stem- 
mycorhiza.” - The mycorhiza formation in the stem was reported by 
MacDovear (799) in several symbiotic saprophytes, in which the en- 
dophyte is found typically in the root. With rootless Gastrodia the en- 
croachment of the fungus in the underground stem is perhaps a necessary 


process in accomplishing symbiosis. 


IV. The Fungus. 
1. Tur Ruaizomoren anp Its DEVELOPMENT IN THE FIELD. 


The rhizomorph under consideration is in fact of very wide occurrence, 
and no case has ever been observed by me where it was entirely absent 
where Gastrodia vegetates. So in the vicinity of our College its ramifying 
strands are found creeping over the bark of the root, especially close to 
the old trunk, of Quercus serrata and Q. glandulifera, equally well on the 
living as on the dead stock (Fig. 4). There were also found the less 
branched but thicker strands traversing through the soil of the wood 
consisting chiefly of these trees. However, the root of the young stocks 
of the aforesaid trees and any other tree found in the same grove permits 
no special development of the strand. Again, an examination of the 
old oak planted along the roadside in the campus of our College has failed 
to find the rhizomorph attached to it. Although more or less vigorous deve- 
lopment of it may be observed in the humus soil of woods and on the root 
of some other trees, yet so far my observations go, it seems to develop 
preferably on the root of oaks or in their surrounding medium. 

The association of the rhizomorph and the said trees appears to show 
that the former is a form of the mycorhizal fungus of the latter, becoming 
a symbiont of both the tree and the orchid as the case found by MacDovear 


in the A plectrum-mvecorhiza, owever, a careful examinati 
(799) the Aplect yeor] I ; ful mination of 
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fine rootlets indicates otherwise; the rhizomorph strand shows no connec- 
tion with the rootlets, attaching only to the old root close to the trunk. 
Tn my opinion, the rhizomorph is nourished in saprophytic manner at the 
cost of the decaying bark of the root. The rootlets or young roots are 
unable to supply the rhizomorph with organic substances to be derived from 
the bark. Therefore, it is beyond doubt that the occurrence of Gastrodia 
mostly under old oaks must be ascribed to the predominant occurrence of 


its component at this place. 


9. STRUCTURE OF THE RuIzOMORPH. 


Tn maintaining that the rhizomorph is a mycorhizal fungus, two 1m- 
portant points must be definitely determined: the one is the identification 
of the endophyte to the rhizomorph and the other is the systematic position 
of the fungus to which the rhizomorph belongs. Leaving the detailed 
account relating to the former point for later sections, I shall in this place 
deseribe the structure of the rhizomorph to make out its systematic 
position clearly. 

Several forms of the rhizomorph are hitherto known in higher fungi 
(Dr Bany, 84, p. 23). Most of them accompany always the fruit body, 
so that their systematic position has been easily determined. Towever, 
the most familiar rhizomorph of Armillaria mellea Vahl. occurs usually 
without connection with the fruit body, and it has long been known as 
the sterile form of a fungus under the name of Rhizomorpha fragilis Roth., 
having two forms, R. subterranea and R. subcorticalis. It was R. Harrie 
who first succeeded to find its genetic connection with Armillaria mellea, 
and after the investigation of Dr Bary and Brererp it becomes now’ 
evident that R. fragilis does not produce any other form of the fruit body 
than that of Armillaria mellea and that the rhizomorph of other fungi is 
quite different in structure from that of this mushroom. 

The rhizomorph which I am now going to describe may. be at once 
identified as Rhizomorpha subterranea. It forms a cylindrical, compact, 
smooth, black strand, usually 1-1.5 mm. in thickness (Fig. 3). Its 


peripheral portion, the so-called cortex, consists of compact, pseudoparen- 
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chymatous, brownish mycelium with a comparatively thick wall. The inner 
layer of the cortex is composed of the bundle of large but thin-walled 
mycelia with numerous septa. The inner cavity of the strand is traver- 
sed by a loose bundle of very fine longitudinal hyphae rich in plasmic 


‘ 


contents (Dr Bary, °84, Fig. 12), which correspond to the “secondary 
pith” of Brereitp (77). On the outer surface of the strand are develop- 
ed hair-like hyphae from the cortical mycelium, which afterwards fuse 
together into a gelatinous mass coating the strand. 

These characters strictly agree with those of R. subterrvanca, distin- 
guishing our rhizomorph from any other black one, for instance, of Poly- 
porus vaporartus (Scuorstery, ’07, p. 46). The identification to £. 
subterranea is further enhanced by the fact that the fruit body of Armilla- 
ria mellea occurs frequently in the oak wood. I found it in June on 
the dead stump of Quercus glandulifera. The host had undergone already 
a great decomposition, being traversed by white mycelia. The ramified 
strands of the rhizomorph were not found over this substratum, but a few 
strands spreading in the soil were found in connection with it. From the 
colour, the general form, and the presence of the ring on the stem, this 
mushroom can be identified without hesitation as Armillaria mellea (Fig. 
5). In the wood where Gastrodia vegetates this mushroom, inspite of 
vigorous development of the rhizomorph, is not of common occurrence. 
This is perhaps due to the fact that the mushroom preferably develops on 
the dead stump of the tree, which is in fact not found commonly in the 
wood I observed, while the rhizomorph strands can develop on the living 
stock of the same tree. As Breretp already remarked, FR. subterranea 
is the “Ausliufer,’ being incapable to nourish itself in the soil. The 
nutrient substances must be supplied by R. subcorticalis which develops 
on the bark of the living stock, or on the dead stump of the oak, and it 
seems probable that sufficient food-substances are liberated on the dead 
stump only, whereby the fruit body of the fungus is produced. 

It may be noted that Armillaria mellea is familiarly known in other 
localities near Tokyo as one of the edible mushrooms. It is found there 


chiefly on Quercus glandulifera but often even on the dead stumps of seve- 
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ral other trees. The common occurrence of this mushroom in the vicinity 
of Tokyo would afford good evidence for the identification of the widely 
distributed rhizomorph to the mycelial strand of that fungus. 

It has fortunately been possible through the courtesy of Prof. S. 
Goro to observe in the courtyard of his residence in Tokyo the habits of 
Gastrodia, proving an excellent demonstration of its relation to the fungus. 
He kindly told me that the yard had till seven years previous been an 
oak grove; Armillaria mellea has developed annually on the clean ground 
within a few feet from an isolately standing chestnut-tree and _ close- 
ly to its trunk, just as at a place of the same yard, where sev- 
eral garden trees and shrubs were planted; and the occurrence of 
Gastrodia has never been observed till the year before last. For the 
first time at the end of May of the last year, he was struck with the quite 
unexpected appearance of a certain number of inflorescence-axes of 
Gastrodia at just the same place of the yard where it was customary to 
collect the mushroom. Through his kindness I was able to ascertain the 
presence of Rhizomorpha subterranea, though not so abundant as may 
be seen in the humus soil of the oak grove. This indicates most clearly the 
association of Armillaria mellea and Castrodia by means of the rhizo- 
morph strand. The development of the mushroom at such an unexpected 
place is perhaps due to the fact that the stumps of the trees cut down, 
which had formerly composed the grove, were partly left underground and 
are now undergoing decomposition. Under this condition the fungus origi- 
nally present in the form of the rhizomorph has become promoted in 
development, i.e. to give rise to the fruit body as well as the increased 
number of strands, notwithstanding an unfavourable appearance of the 


substratum at present for the development of the fungus. 


V. Differentiation of the Hyphae in the Host-Cell. 


3roadly speaking, the hyphae of the endophyte do not essentially 
differ in structure from those composing the rhizomorph strand lying 


outside the tuber. As already described, the strand consists of several 
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forms of hyphae, of which the three essential forms occur in the endophyte 
in regular arrangement. According to the form of the hyphae, we may 
now distinguish the mycorhizal cells into three regions: 

First region (Fig. 17f). The outer two or three layers of the 
mycorhizal cells contain the densely entangled and coiled hyphae. They 
are thick-walled, very seldom septate, and rarely branched. The peri- 
pheral filaments of the hyphal clump are slender, thin-walled, and rich 
in granular contents, showing the young stage of development. From 
the dimension and general structure they may be identified to the hair- 
like hyphal branches, which, as already referred to, become in Rhizo- 
morpha subterranea a gelatinous coating of the old strand and in R. 
subcorticalis, particularly in its parasitic form, ramify separately in the 
substratum as an absorbing organ. We see that in the feature of develop- 
ment and in function they appear to resemble more closely the corre- 
sponding hyphae of R. subcorticalis. 

In general appearance the hyphal clump seems to correspond to the 
similar clump found in the “fungus host-cells” known in most endotrophic 
mycorhizas (Fig. 35). In Neottia Maenvs (’00) reported the differentia- 
tion of these hyphae into the “Ringhyphen” which are thick-walled, 
almost empty of contents, and lying in the periphery of the clump, and 
the “Haustorienhyphen,” which are thin-walled, slender, rich in plasmic 
contents, and occupying the central portion. Morphologically, we may 
also distinguish two similar forms in Gastrodia, their relative position 
being, however, reciprocal. As to the physiological significance of these 
different hyphae I cannot find evidence confirming Maenus’ view (700, 
p- 215). Probably the slender peripheral hyphae are simply a form 
younger than the central thick-walled ones. 

Second region (Fig. 17s). It consists usually of a single layer of 
mycorhizal cells beneath the former, which contain a little broader hyphae 
with a few septa and branches. The wall is always thinner than that of 
the former hyphae. Occupying the whole cell cavity as a dense hyphal 
mass, they appear very often pseudo-parenchymatous. Typically they run 


parallel and give origin to the hyphae of the first region. In these res- 
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pects they may correspond more or less to the inner cortical hyphae of 
the strand, or Brererp’s “primary pith,” though they are usually much 
smaller and variable in diameter. 

In the inner layer of the first region there are often found hyphae 
torming a clump, which are thin-walled and share the same fate as those 
in the second region, expressing the transitional form between the hyphae 
of the first and second regions. 

Third region (Fig. 17¢). In the innermost mycorhizal cells we find 
fine slender hyphae, sometimes deeply stainable. The number of the 
hyphae entering each cell is very limited. They originate from the hyphae 
of the second region through a single pit on the limiting wall of each cell, 
and, without forming convolutions, radiate into the dense protoplast. The 
structure of the hyphae exactly coincides with that of the hyphae com- 
posing the secondary pith of the rhizomorph strand (Figs. 20, 28). 

The infection branch mainly agrees in structure with the strand 
lying outside the host. It originates, as already explained, from the 
inner cortical layer of the mother-strand. It is easy, therfore, to see 
the continuation of the hyphae of the secondary pith, the more or less 
modified form of the cortical hyphae, and the outermost hair-like hyphae 
with the corresponding ones of the mother-strand. So that, the relation- 
ship of the different hyphae in the endophyte, the infection branch, and 
the ordinary strand, and their distribution may be represented as in the 
following diagram (Text-fig. 1). 

When, as we have seen, the rhizomorph strand penetrates into a living 
tissue and develops as parasitic Rhizomorpha subcorticalis, the outer brow- 
uish cortical tissue is suppressed in development, while the hair-like hyphae 
are on the other hand promoted in growth. In this respect the symbiotic 
development of the fungus shows a close affinity to its parasitic develop- 
ment. 

The difference of structure of the hyphae outside and inside the host 
was noted by several investigators in other endotrophic mycorhizas (Mac- 
Doveat, “99, p. 41): in Neottia, according to Macnus (’00, p. 210), the 


hyphae creeping over the surface of the root have a few septa, and are 
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Text-fig. 1. Diagrammatic figure showing the arrangement of different hyphae 
in the rhizomorph strand and tuber. 2, rhizomorph strand; , tuber; 1, hair-like 
branch; 2, cortex; 3, secondary pith; /, s, 4, first, second, and third layers of tissue. 


broader and more thick-walled than the endophytic ones; and Surpata 
(702, p. 655) reported in Psilotum the presence of septa in the hyphae 
outside the host, or inside its outer cortical cells, and their absence in the 
typical form of the endophyte. In the endophyte of Gastrodia the lack 
of hyphae with so many septa as seen in the normal strand might also 
show that the symbiotic form of the fungus undergoes more or less 
modification in hyphal structure. - 

The genetic relationship between the different hyphae of the endophyt» 
is quite similar to that found between the corresponding hyphae of the 
rhizomorph strand. In the growing point of the usual strand we observe 
that the cortical hyphae make their appearance first, and the hyphae of 
the secondary pith and the hair-like hyphae are produced from them as 
internal and external branches respectively (Dr Bary, ’84). So also with 
the endophyte, the hyphae of the second region, which is, as already stated, 
comparable to the cortical hyphae of the strand, appear first and then 


send out branch hyphae in lateral direction, the hair-like branches on the 
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upper (first region) and slender hyphae on the lower side (third region). 
The further spread of the hyphae in the first region from cell to cell may 
be effected by their own branches, but the hyphae in each cell of the third 
region originate invariably from those of the second region through the 
dividing wall between the two regions, so that the lateral connection of 


the hyphae between the cells of the third region is in no case observed. 


VI. Cytology of the Mycorhizal Cells. 
1. Action oF THE PENETRATING STRAND. 


The infection of the endophyte by means of a thick strand requires, 
unlike the infection by means of single separate hyphae as seen in most 
endotrophie mycorhiza, a wide space for its penetration. The space 
needed is chiefly produced by breaking down a certain number of cells 
through mechanical and chemical action of the attacking hyphae. At the 
first stage of this process the cavity of the outermost cork-cells is entirely 
occupied by the hyphal clump. After destroying these cells the hyphae 
attack the underlying living cells and, dissolving partially or completely 
the dividing wall, give rise to a lysigenie space for the advance of the 
growing infection strand. The healthy cells surrounding this space enter- 
tain now the same hyphae as in the first region already described. We 
see here that the fungus is capable to dissolve suberised as well as cellu- 
lose wall (Fig. 73). 

A somewhat similar process has already been known in the parasitic 
rhizomorph, where its strand attacks any living tissue (Fig. 74). In this 
‘ase, however, so far as observed in Gastrodia-tuber, the host-cells surround- 
ing the strand are much compressed, and to a certain extent show brownish 
discolouration, expressing the restrain from their normal function. While 
thus the parasitic strand causes an apparent direct. or indirect injury to 
the cells adjoining it, the symbiotic one does not at the outset injure the 
corresponding cells. Thus, except these slight differences, the infection 


branch of the symbiotic strand agrees in the main points of its behaviour 
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to the parasitic strand. Further, it may be stated that the action of 
the infection branch on the host is quite similar to that of the haustoria 
of Cuscuta and several phanerogamiec root-parasites (Orobanchaceae, 
Rhinantheae, Santalaceae, ete.). 

Tn certain layers of cells below the penetrating strand more or less 
increase of the amount of cytoplasm and the size of nuclei is observed 
(Fig. 73), while no such change occurs in the corresponding cells near 


the parasitic strand (see Fig. 74). 


2. AcTION or THE ENDOPHYTE ON 1Ts Host-CEtts. 


= 


As mycorhiza is formed equally well in the old tubercle as in the 
young one (Figs. 9-14), there is almost no doubt that the symbiotic deve- 
lopment of the fungus is independent of the age of the intruding host 
cells. In reality the infection takes place in the permanent parenchy- 
matous cells at a definite region. Restoration of activity is then observed 
in these cells, which cause several modifications in their internal structure. 
However, they are not capable of further division. 

a, Size. No abnormal formation of tissue is observed in the infected 
tuber or its parts. Only it may be mentioned that the infected cells of 
the third region increase considerably their dimensions, becoming especial- 
ly extended in radial direction. This begins to take place prior to the 
infection of the hyphae, attended by changes in their living contents. As 
already mentioned, these cells have originally the largest dimension, 
which becomes now more marked. On this point they seem to correspond 
to the specialised mycorhizal cells in Lecanorchis (Jansr, 797), Disporum 
(Jansn, 97), and Neottia (Maanus, ’00), all possessing a considerable 
size. 

b. Wall. The wall of the parenchymatous cells, though rather thin, 
is pitted. The pits are usually round or oval, but sometimes irregular. 
The pitted wall is typically of cellulose nature, but, when infected, its 
chemical and physical qualities are more or less modified in different ways 
in different regions. In the third region the wall becomes much thickened 


making the pits more prominent (Fig. 17), while the chemical nature 
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remains unchanged. In the second region the thickening of the wall does 
not take place; on the other hand, the dividing wall between the two cells 
becomes thinner than before, and it is in greater parts resorbed by the 
perforating hyphae, the remaining portion showing still cellulose reaction. 

Most remarkable change is observed in the first region. Lignification 
takes place during the thickening of the wall, not uniformly throughout 
the whole surface of the wall, but more prominently round the points per- 
forated by the hyphae (Fig. 17 f). 

Tn some cells we find a protuberance of the wall in the form of a long 
papilla projecting into the cell cavity. It is usually unbranched and stands 
isolated (Figs. 23, 28, 34), but sometimes occurs aggregated (Figs. 20, 
36) and is often branched. It is passed through its central canal by the 
hyphae from the adjoining cell and forms a tubular sheath on them. The 
formation of the papilla takes place without exception in the third region 
wherever the wall is perforated by the hyphae, but this is not necessarily 
so in the first region, while it is absolutely omitted in the cells of the 
second region. 

A similar structure has been found in other endotrophie mycorhizas, 
for instance, in Botrychium, Lycopodium (Lane, ’99), Coffea (Jansr, 
’97), Lecanorchis (JAnsE, 97), Calypogeia (Nemec, ’04), and Neottia 
(Maenvs, 700). Most of the authors regard the formation of the papilla 
as a device for protection against the invasion of the hyphae. The same 
interpretation may also be applied to the tubular sheath frequently 
formed by the host-cell round the haustoria of parasitic fungi (Suir, 
700). In Gastrodia the papilla seems to render the infection of the 
hyphae somewhat difficult, as shown by some papillae found as blind 
sheaths over the apical portion of the growing hyphal filaments. But 
this protective arrangement is practically less effective, since most of 
the papillae are actually perforated by the hyphae. 

As noted above, papillae do not occur invariably at all points of 
the wall perforated by the hyphae. This seems to show that the forma- 
tion of the papillae may be connected with a certain condition of the 


host-cell: the latter sometimes allows an easy entry of the hyphae and 
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sometimes more or less resists their penetration by forming the papillae. 
To determine whether the papilla is formed as a regulation of the fungal 
infection or not, further investigation is required. 

The papilla, or tubular sheath, whether formed on the lignified or 
unlignified wall, gives in all cases most apparent lignin reaction. When 
it oceurs on the cellulose wall, it has its lignified basal portion always 
sharply delimited from the unlignified wall (Figs. 20, 23, 28, 34). Thus, 
in its chemical nature, the papilla in Gastrodia does not agree with that 
in others. The same structure described by Janse and Maanus is made 
of cellulose. Smiru (’00) also noted the similar structure developed 
round the haustoria of the Erysipheae to be of a cellulose nature. The 
lignification of the cell wall due to the attack of fungi is not, so far as 
I know, a universal phenomenon or perhaps is an unrecorded fact, and 
this peculiar case of response of the host-cell to the action of fungi 
seems to deserve special attention. . 

It is worthy of mention that the hyphae developed in the host- 
cells with lignified wall, i.e. mycorhizal cells of the first region, give 
also the lignin reaction, most prominently in thick-walled hyphae. Thus 
they are coloured reddish violet with phloroglucin and hydrochloric acid, 
intense yellow with aniline chloride, green with « naphthol, ete. This 
is certainly the most remarkable point of study, since the occurrence 
of lignin in fungi is still a disputed matter. Niaan (81), Harz (’86), 
and ScHELLENBERG (’96) have detected lignin in a certain species of 
fungi, but ForssrLy (’86) and LINSBAUER (99) have failed to get posi- 
tive results. In my present case the occurrence of the lignin substance 
on the wall of the mycelium is, to judge by the colouration, quite undeni- 
able. The colouration is not uniform throughout the hyphae, some por- 
tions being coloured more intensely than others. Generally, it is clearly 
represented in the central portion of the hyphal clump, while the thin- 
walled young hyphae occupying its peripheral portion show no such 
reaction. Most remarkably, the pronounced reaction is observed on the 
hyphal filament that comes through the tubular sheath, the reaction 


decreasing gradually towards the portion farther from the sheath. This 
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latter fact tends to show that the lignin reaction of the hyphae is attri- 
butable to a thin coating of the lignified sheath over the surface of the 
filament, in other words, the reaction in question indicates the extension 
of the lignified wall of the host along the hyphae, pointing out in conse- 
quence that the lignin substance is derived not from the fungus itself, 
but from the host. Owing to the thinness of the wall of the hyphae, we 
are, however, unable to distinguish the inner true membrane of the 
hyphae and the outer lignified lamella. The wall always appears under 
the microscope homogeneously coloured by lignin reagents through both 
inner and outer layers, giving evidence in support of the view that the 
lignin substance is introduced uniformly into the wall. 

It must be noted that the lignification of the hyphal wall is seen 
only in the cells of the first region, that is, in cells with lignified wall, 
while the hyphae of the second and third regions as well as any hyphal 
filament scomposing the rhizomorph strand show in no case such a pro- 
cess. This appears to show that the lignification in the fungus is in 
a certain way correlated with the same process in the host-cells. How- 
ever, it must be remembered that the same relation is not maintained 
in the third region. Though the lignified tubular sheath is formed here 
as in the first region, the hyphae passing through it do not show the 
lignin reaction at all. This would seem to keep us from generalising 
that the lignification of the hyphae is due to the extension of the sheath 
over their surface. 

As to what part lignin does play in the organization of mycorhiza! 
cells we cannot give a satisfactory interpretation. It requires further 
research to decide whether it is derived as a protection of the host against 
the injurious action exercised by the fungus endowed with parasitic pro- 
perties, or whether it acts favourably on the fungus for its survival after 
the death of the host, assuming that the host-cell is in general more durable 
when the wall is lignified. Further, we cannot yet assert that the lignifi- 
cation of the tubular sheath is a more favourable process for protection 
against the attack of the fungal hyphae than when it is made up of 


cellulose. 
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c. Cytoplasm. The action of the endophyte upon the cytoplasm of 
the host-cell is already visible prior to the arrival of the phyphae. All 
the mycorhizal cell, having attained to the permanent state like other 
parenchymatous cells of the tuber, contain originally a thin plasmic 
membrane along the wall encasing a large quantity of cell sap (Fig. 26), 
but when the hyphae approach them, the plasmic contents become much 
increased and more granular. Further, after entertaining the endophyte, 
there are seen several additional alterations, different according to the 
different regions. 

In the first region the infected hyphae form immediately a small 
clump in the centre of the plasmic mass, and accompanying its subse- 
quent enlargement the surrounding cytoplasm is expanded and stretched 
out into a membranaceous envelope of the clump. At later stages, when 
the clump grows to fill up nearly the cell cavity, the cytoplasm appears 
decreased in amount and at last disappears entirely. Whether it is due 
to the consuming action of the endophyte or to its self-disorganization 
remains yet undecided. 

In the cell of the second region the dense plasmic mass filling up 
the cavity and containing only a few small vacuoles is rapidly resorbed 
by the fungus soon after its infection, and its decrease in amount and 
the increase of the hyphae go on at the same pace. In the end the pro- 
toplast is entirely consumed by the fungus when the cell cavity is oceu- 
pied by an entangled mass of the hyphae (Fig. 31). The consuming 
action is here very active and truly no symbiotic association is indicated 
at all. 

In the third region the relation between the hyphae and the eyto- 
plasm is exhibited otherwise. The infection of the hyphae induces a 
dense granular appearance of the ctyoplasm formerly reticulated, and 
at the same time a further increase of its amount. The hyphae are then 
imbedded in the cytoplasm and make no noteworthy development. 

Thus the action of the endophyte upon the cytoplasm of the inha- 
biting cells is expressed in different ways; in the second region the 


cytoplasm is rapidly attacked and in the third region the endophyte 
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favours the cytoplasm for the increase in amount, while in the first 
region the reciprocal action is in an intermediate state or nearly neu- 
tralised. 

d. Nucleus. The nucleus of the mycorhizal cells undergoes also 
remarkable alterations. In the intact cells in each region the nuclei, 
being all at resting stage, are spherical and comparatively small, and 
small chromatin granules are densely arranged on the network (Figs. 58, 
61, 64, 65). As already observed by Surpara in Alnus (02, p. 668), 
Maenus in Neottia (’00, p. 232), and previous authors (Danenarp, ’97), 
when the endophyte approaches these cells, the nuclei increase in size 
and cause the enlargement of chromatin granules, these changes going on 
parallel to those of the cytoplasm (Figs. 59, 62, 67). Such general 
changes occurring before the arrival of the endophyte are followed after 
infection by further modifications in different processes according to the 
different regions. So in the first region we see an irregular deformation 
of the nucleus, assuming sometimes amoeboid and sometimes stretched 
form, and resulting in the increase of its surface (Fig. 60). The decrease 
of space in the cell cavity due to the massive development of the hyphal 
mass seems to have more or less influence on the deformation of the 
nucleus; rarely it is found packed in the hyphal mass, producing several 
constrictions, or it is compressed and flattened between the mass and the 
cell wall, but more generally it is stretched out at the median portion into 
unequal halves, which, though seldom, may result in fragmentation into 
two nuclei lying farther from each other in the periphery of the hyphal 
mass (Fig. 35). Accompanying the vigorous development of the hyphae 
there is seen, together with the disappearance of the cytoplasm, an atrophy 
of the nucleus, being expressed by the decrease of its size, by becoming 
less stainable, and by final disappearance. 

No noteworthy change is observed after infection in the nucleus 
of the second region. The vigorous consuming action of the endophyte 
makes hyperchromatie nuclei soon disappear together with the cytoplasm, 
allowing perhaps no time for them to undergo several further changes. 


Worthy of special mention is the modification of nuclear structure 
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in the third region. The nucleus, originally already slightly larger than 
that in other regions or other portions of the tuber, begins now to enlarge, 
attended by a remarkable increase of chromatin and by a most con- 
spicuous deformation. The chief deformation observed at the first stage 
is expressed by the occurrence of several constrictions (Fig. 68). Each 
constricted portion assumes generally oval form with a smooth outline; 
however, such an amoeboid outline as observed in the digestive cells 
(in Neottia by Maanus and Psilotum by Sutpara) has never been as- 
certained. 

In advanced stages it frequently occurs that the constricted portions 
are pulled apart radially and the nucleus gives a stellate form (Fig. 69). 
Although such a form appears to exhibit the process of fragmentation 
as found in most eases of mycorhiza (Ophyris, DANGEARD, ’97; Peranium, 
MacDovear, 799; Lecanorchis, Janse, 97; Orchis and Instera, Maanvs, 
00; Podocarpus, Suipata, ’02; Platanthera and Epidendmm, Burerrr, 
09; ete.), yet in no case have IT been able to make out conclusively the 
breaking down of the portion stretched out and the consequent fragmenta- 
tion of the nucleus. It may be remarked that, in the preparation of 
microtome sections, spherical nuclei are in view, confounding with the 
real fragmentation (Figs. 27, 30). This is due quite certainly to seeing 
a section of a stellate nucleus through its peripheral portion. 

The arrangement of chromatin is highly characteristic in the nucleus 
having undergone such deformation. In the stretched portion it ranges 
in many longitudinal threads as ‘seen in the spireme stage of dividing 
nuclei, and all the threads unite into a median bundle leaving between 
it and the nuclear membrane a wide clear space. Entering the constricted 
portions the threads diverge and dissolve into a network (Figs. 70-72). 

Previous to the constriction of the nucleus, the nucleolus is first 
elongated and then fragmented into numerous smaller ones which enter 
the constricted portions, two or three into each. Thus each portion 
appears in morphological structure like an individual nucleus, and we 
have to assign to such deformed nuclei similar physiological significance 


as possessed by the fragmented nuclei, 
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After reaching the critical point of deformation the nucleus comes 
gradually to resume its original state, contraction of the stretched portion 
and decrease of constrictions as well as the chromatin mass proceeding 
step by step. Besides, we often see that the nucleus before restoration to 
the original form shows degeneration, becoming densely granular and 
deeply stainable, and showing an irregular outline (Fig. 30). 

The position of the nucleus in the cell cavity seems to show a ten- 
dency to be excentric. In most cases it lies rather near the side from 
which the hyphae come; its position near the opposite side has never 
been observed, though it takes frequently a central position. 

The significance of the above features involved in the nucleus of 
the mycorhizal cells will be considered later in connection with the 


organization of the mycorhiza. 


3. Parasttic AcTION OF THE RHIZOMORPH. 


When the strand of Rhizomorpha subterranea, while traversing the 
humus soil, has occasion to meet with some living roots of trees, it 
often develops in the living tissue to enjoy parasitic life as R. subcorti- 
calis. Attacking the living tissue of Gastrodia, the rhizomorph, instead 
of destroying the host, behaves as a rule favourable for its existence. 
Such association is not, however, constant. The fungus, being parasitic, 
though commonly saprophytic, may exert under certain circumstances 
an injurious action upon Gastrodia. In this case the strand penetrates 
into the tissue of the tuber in the form of R. subcorticalis, ramifying 
its branches in indefinite directions. The internal relation between the 
fungus and the host-eell is quite different from that of symbiotic asso- 
ciation: recovering of the activity of the plasmic contents does not take 
place; the strand growing through the lysigenic space among the tissue 
causes compression of the surrounding cells and sends out into them 
a few hair-like hyphae from the cortical tissue; the cell sap contains a 
brownish matter; and the nucleus causes chromatophily (Fig. 74). All 
these facts express the impossibility of the normal function of the attacked 


cells, that is, an apparent death, As the development of the fungus 
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accords quite well with that of R. subcorticalis attacking a living tree, 
which was described in detail by Harrie (’74), we are justified to assign 
the above features of the host-cells to the parasitic action of the fungus. 

The development of the parasitic rhizomorph is usually observed 
in tubers that have gone to the last stage of activity, which arrives re- 
gularly at the end of each vegetataive period. Yet, as a most remarkable 
fact, it may be seen even in an apparently vigorous tuber. Perhaps this 
dual relation between two organisms is presented by the difference of 


the condition of the organism attacked. 


VII. Organization of the Mycorhiza. 


1. The cytological studies of the mycorhizal cells reveal that there 
exists an antagonistic relation between the fungus and the inhabiting 
cells. This relation is exhibited most clearly in the second and third 
regions, where the destroying action of one symbiont on the other goes on 
quite reciprocally. However, in the first region, it is less apparent, show- 
ing perhaps a balanced state of mutualism. In the latter region neither 
the fungal hyphae effect an apparent injury on the protoplast of the 
host, nor can we find an unfavourable action of the host on the infecting 
hyphae. It is only seen that the increase of the hyphal filaments gives 
mechanical hindrance to the normal function of the protoplast; but this 
taking place very slowly, the two symbionts may exist intact for a long 
time, though the protoplast becomes ultimately the victim of the fungus. 
It may be considered that the precipitation of the lignin substance on 
the surface of the hyphae may interfere with the reciprocal action between 
the hyphae and the protoplast, or at least it makes this action highly 
difficult. 

The mode of development of the fungus in the second region is 
perhaps unique in the mycorhizas we know at present. The hyphae 
exert a highly destroying action on the increased protoplasm: it is rapidly 
resorbed soon after the infection of the hyphae. A similar action is 
also observed on the cell wall: the hyphae dissolve more or less the pene- 


trating wall, It must be a remarkable fact that the destruction is nearly 
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completed before the mycorhiza formation is not yet wholly accomplished. 
The cell cavity is then filled up with irregularly curved, thinner-walled 
hyphae rich in plasmic contents. After full development these hyphae 
soon collapse: the contents condense into deeply staining strings (Fig. 32), 
the hyphae become much swollen, the strings then disappear (Fig. 33), 
and the wall, losing a definite structure, is found scattered in the cavity 
of the host-cell as a structureless remnant (Fig. 34). At the later stage 
of this process there appear fine slender filaments corresponding in 
structure to the hyphae of the secondary pith of the rhizomorph strand 
(Fig. 33). These filaments are in direct connection with the hyphae of 


the third and partly of the first regions. 


The collapse of the hyphae presents quite a similar phase to that 
observed in the “digestive cells’ of the usual endotrophie mycorhiza. 
The process, however, is quite different from the latter case, though the 
physiological significance appears, in my opinion, to be the same, inas- 
much as the decomposed substance of the hyphae may be utilised by 
the host. As we know, the change of the hyphae in the digestive cells 
is due to the digestive action of the protoplast of the host-cell, which 
can be seen from various deformations of the nuclei during that process. 
However, in the present case the protoplast has previously disappeared, 
or perhaps has been consumed or digested by the fungus. Therefore, 
unless the surrounding cells are concerned in the digestion, which, how- 
ever, is very improbable, the collapse must be undoubtedly due to a 
degenerating process in the hyphae themselves. 

The consumption of the protoplast by the fungus in the second region 
shows quite evidently the parasitic property of the endophyte. Reci- 
procal relation between the two symbionts is found to occur in the third 
region. There is no indication of a favourable contrivance for the exist- 
ence of the fungus; on the other hand, we can point out several evidences 
supporting the view that the host-cell receives benefit from the fungus. 
In fact the mycorhizal cells of this region are the metabolic centre of 
the higher symbiont; there is an abundant accumulation of substances 


derived from the fungus, 
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Associated with this we see the most complex organization taking 
place in this region. The increase of cytoplasm reaches the highest point, 
as soon as the hyphae reach the overlying cell of the second region, and 
at the same time the previously hypertrophied and hyperchromatic 
nucleus becomes deformed, chiefly by producing constrictions. Starch 
grains are as yet present as much as other normal cells of the region. 
The infection of the hyphae causes immediate disappearance of starch, 
and the typical deformation of the nucleus ensues. The cytoplasm be- 
comes more dense and its granular consistence more prominent, especially 
round the nucleus. Comparatively small vacuoles occur on the peripheral 
portion, but more numerously on the side opposite to that traversed by 
the hyphae. The excentric position of the nucleus towards the side the 
hyphae are entering is most probably an indication of the existence of 
a close relationship bearing on the activity of the nucleus and the in- 
fecting hyphae. The absence of vacuoles in the cytoplasm around the 
hyphae and the granular structure of the cytoplasm in that portion will 
also show quite beyond doubt that the metabolic action is taking place 
chiefly in this place. 

That the third region is the centre of the metabolic activity of the 
mycorhiza is evidenced by the appearance of secondary products in the 
cytoplasm after the infection by the fungus, which may be classified as 
follows: 

(a) Homogeneous Globules. 

This is a somewhat hyaline, spherical mass, light yellowish brown 
in alcohol specimens. Small, irregularly shaped, colourless spots are pre- 
sent in the matrix, which are evidently vacuoles. It takes up always 
several colouring matters; thus staining deep red with triple stain (Figs. 
17, 22), green or violet green with fuchsin iodine green (Fig. 19), black 
with haematoxylin, red or reddish violet with a mixture of ruthenium 
red and methyl green. It is resistent to several acids, insoluble in caustic 
potash, coloured orange brown with potassium iodide-iodine, not blackened 
with osmic acid, and easily soluble in Eau de Javelle solution, MiLion’s 


reaction is negative. 
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The number of these globules occurring in one cell and their size vary 
considerably, the larger number ranging between five and seven, and the 
larger globules measuring from 0.07 to 0.085 mm, in diameter. 

(b) Vesicles, 

A spherical vesicle is found together with the globule, usually in the 
same cell. Within the distinct membrane are found granular contents, 
sometimes packed in compactly (Fig. 27) or sometimes scattered in the 
hyaline space (Fig. 29). The granules are ight yellowish in alcohol 
specimens, becoming more intense by iodine. The vesicle containing the 
less number of granules takes on an appearance as may be confounded 
with a resting nucleus (as in conifers). In colour reaction the granules 
are somewhat different from the globular mass, being stained violet with 
triple stain, violet or reddish violet with fuchsin iodine green, not or 
only faintly coloured with haematoxylin, reddish with a mixture of 
ruthenium red and methyl green, ete. Kau de Javelle solution dissolves 
them easily. Towards the other reagents they show the same reaction 
as the globules. The number of vesicles occurring in one cell is usually 
less than that of globules, but the size is equal or greater, being 0.08-0.1 
mm. in diameter. From the staining reaction it may be safely stated 
that the contents of the vesicle is a substance different from the globular 
substance. 

The globule and vesicle are always packed compactly in the cytoplasm. 

(c) Small Bodies. 

Numerous small hyaline bodies occur in the vacuoles of the cyto- 
plasm. Their form is extremely variable, mostly spherical and oval (Figs, 
19, 22), but sometimes very irregular, leaving often clear space in the 
centre (Figs. 54, 56, 57). Staining property is different from the above 
two bodies: they stain pale violet brown with triple stain, reddish with 
fuchsin iodine green, not or very faintly coloured with haematoxylin, 
reddish with a mixture of ruthenium red and methyl green. They are 
more resistible to Kau de Javelle, but to other reagents they behave simi- 
larly as the former two. Their number is much increased in later stages 
(compare Figs, 27, 29). 


bodies of combined characters. 
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Besides three different bodies mentioned, there are also found some 


A globular mass showing by the staining 


reaction the same nature as the globules of the first kind takes on a fine 


granular consistence resembling the compact vesicle, or a small globular 


body appearing like one of the third kind has its central portion similarly 


stained as the typical globule, while its peripheral portion is stained as 


the typical small body (Fig. 19). 


The adjoining table (Table I) will show the comparison in the stain- 


ing reaction of these bodies, the mycorhizal cells, and the fungus: 


Mycorhizal cell 
ee 


Fungus 


Fungus product 


| 


Cytoplasm 


Chromatin 


Nucleolus 


Lignified 
wall 


Cellulose 
wall 


Tubular 
sheath 


First region 


Second region 


Third region 
Globule 


Vesicle 


Small body 


Granular 
region 
round the 
hyphae 


Fuchsin 
iodine green 


Green or 
violet 


Red or violet 


Greenish blue 


Red 


Greenish blue 


Green 


Red or pale 
violet 


Red 


Green or blue 
violet 


Reddish 
violet or 
violet 


Red 


Red 


reddish violet 


Table I. 


Heidenhein’s 
iron haema- 
toxylin 


Unstained 


Black 


Light black 
Black 


Unstained 
Black 
Light black 


Contents 
black 


Unstained 


Black 


Light black 


Light black 


Unstained 


Mehtyl green 
& ruthenium 
red 


Pale red 


Red 


Red 


Green 


Red 


Green 


Green 


Red 


Red 


Greenish red 


Red 


Ruthenium 
red 


Pale red 


Red 


Unstained 


Red 


Unstained 


Pale red 


Red 


Red 


Intense red 


Pale red 


Pale red 
Pale red 
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During the activity of the cells of the third region it is observed that 
the relative number of these different bodies occurring in a single cell 
varies much at different periods. At first the globules and vesicles predo- 
minate, while the small bodies are exceedingly few in number, being 
scattered in the peripheral portion of the cytoplasm (Fig 27). At this 
period the position of these bodies is noticeable; the first two are eentral 
or excentric towards the second region, while the last body mostly lies 
on the opposite side. 

At later stages the globules as well as the vesicles begin to disappear. 
In the former, as the first step of this process, the staining power is re- 
duced and numerous vacuoles appear. Still later, the globule shows 
uneven outline, often shrunk into an irregular mass, The vesicle dimi- 
nishes the granular contents, until it becomes quite empty, followed then 
by the shrinkage of the wall (Fig. 51). During these processes the small 
‘bodies increase in number and become distributed uniformly throughout 
the cytoplasm (Fig. 29). Lastly, perhaps at the end of activity of the 
cell, they gather altogether in one or two, generally central, vacuoles close 
to the nucleus, and are fused together into a mass or masses, giving more 
or less dense portions (Figs. 21, 30), while the globules and vesicles 
become quite invisible. 

At this stage a noteworthy phase is observed in the protoplast. The 
cytoplasm diminishes considerably and assumes a coarse network struc- 
ture, encasing many large or small vacuoles. The limiting plasmic layer 
between the vacuoles becomes at times membranaceous. Probably the 
apparent increase of the cytoplasm at previous stages has been due mainly 
to the accumulation of elaborated substances which are distinguished from 
the somewhat fibrous true cytoplasm by their being granular. These sub- 
stances are now exhausted, whereby the cytoplasm is rendered more fibrous 
and vacuolate. The nucleus has reached the critical point of deformation 
during the appearance of the globule and vesicle, and during their diminu- 
tion. Now, it contracts from the stretched form and diminishes its chromatin 
contents, assuming the structure which it had taken shortly before the 


infection of the hyphae. It is very plain that the increase of chromatin, 
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attended by the increase of surface at the given stage, bears a certain rela- 
tionship with the highest activity in elaboration of food materials or other 
processes, as Macnus and Suipara have described and reviewed at full 
length. However, it must be remembered that the somewhat similar 
feature taken by the nucleus in the second region is not assigned to the 
same cause. It is very probable that the increase of chromatin and size 
of the latter nucleus expresses its being under similar condition as the 
nucleus of the cell infected by parasitic fungi, for instance, Synchytrium 
(Kusano, ’09, Gurrenserc, 709). It may be also comparable to a 
degenerating phenomenon described by Maanvs (00, p. 251) in the 
nucleus of the fungus host-cells of Neottia. 

Let us now turn upon the origin and real nature of the globule, vesicle, 
and small body. It is a matter of course that their occurrence may be 
assigned to the presence of the endophyte.. The important points attached 
to this problem are their mode of derivation and their nutritive value for 
the higher symbiont. As regards the globule, I can safely state that the 
larger one shows no direct connection with the hyphal filament, but some 
small globules are found attached to it, showing the derivation from the 
fungus. At an early stage the hyphae are rich in contents, and, as a rule, 
take on light violet colour with the triple stain, intense red with fuchsin 
iodine green, red with a mixture of ruthenium and methyl green, but no 
colour with haematoxylin. Afterwards, some hyphae or their portions 
become heavily stained with safranin or haematoxylin, owing evidently 
to the presence of a special content (Figs. 24, 28). I have to compare 
such hyphae with the “Eiweisshyphen” known from some Orchidaceous 
mycorhizas, and consequently their content with the protein substance. 
It is noticeable that this content is, by the staining character, in strict 
agreement with the globular substance. Frequently the end of the hyphal 
filament is followed by a row of small globules; otherwise they he along 
the filament (Figs. 28, 45, 46). It appears as if the filament is frag- 
mented into pieces, each then becoming spherical. Such an arrangement 
of the globules indicates that they are the secretion product of protein from 


the hyphae. This statement may be supported by the accumulation of 
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the protein substance at the end of the filament and budding of oval 
globules from its lateral side (Figs. 18, 24, 44, 46). Frequently it hap- 
pens that the filament produces several nodules at intervals in which the 
stainable content is condensed, each nodule being connected in chain by a 
fine string (Fig 24). It seems to me that Burcerr’s view (’09, p. 120) 
of the protein hyphae as metamorphosed spores of the endophyte is. based 
on such a phase of accumulation of the protein substance. While thus 
the small globule is produced undoubtedly by the secretion process going 
on in the hyphal filament, the evidence for the direct derivation of the 
larger globule from the hyphae is not apparent, since its relative position 
to the latter is quite otherwise. I am of opinion that it is formed by the 
fusion of small globules. The deformation of the globule, which frequent- 
ly came under my observation, indicates its viscous consistence (Figs. 
92. 28) and makes the fusion highly probable. 

As to the protein substance forming the globule, it is probable that 
it originates in part from the protoplast of the degenerating hyphae of 
the second region. Shortly before degeneration the contents of the hyphae 
are condensed into a well-stained string running longitudinally through 
the cavity of the hyphae (Fig. 32). Its staining character is quite the 
same as the globular mass. At the moment when the hyphae undergo 
degeneration the string disappears entirely, most probably it is trans- 
mitted into the hyphae of the third region and is secreted out into the 
cytoplasm, with or without complex decomposition, in a form of globule. 
The large amount of the substance constituting the globule, however, shows 
the necessity of assuming an additional source, the latter being most cer- 
tainly the rhizomorph strand lying outside the tuber. 

The vesicle appears to correspond in structure to that generally 
occurring in many Orchidaceous or non-Orchidaceous mycorhizas (Groom, 
’95b; Janse, 97; MacDoveat, 799; Lane, 799; Surpara, 02; GaLiavp, 
05). In origin, however, it does not agree strictly with the latter. 
The larger vesicle, like a larger globule, shows no connection with the 
hyphae, but the smaller ones are truly produced as terminal swellings 


of the hyphal filament, or lateral budding, sometimes in club- or oval 
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shape, and indeed on the same filament that derives the small globules 
(Figs. 22, 44, 46, 47, 48). Near the hyphae are found isolate vesicles 
in similar dimensions (Fig. 48). These smaller vesicles, just as the 
larger one, are provided with a very distinct wall, originated without 
doubt from the mycelial wall. It is evident that the granular content 
originates from the hyphae, since we find the accumulation of the 
granular substance in the portion of the hyphae close to the vesicle (Figs. 
47, 48). As to the origin of the larger vesicle, I cannot express a 
definite view. In no case have I been able to detect, in the many pre- 
parations I examined, its bodily connection with the hyphal filament or 
any sign of its being a swelling of the filament. It is highly improbable 
that it is produced ‘by the fusion of smaller vesicles, as does the globule, 
since each vesicle has a distinct wall. The only probable interpretation 
about the occurrence of the larger vesicle is that the smaller vesicles 
may grow after detaching from the filament, taking the material from 
the surrounding cytoplasm, which has of course originated from the 
fungus. 

These prominent inclusions of the cytoplasm cannot be taken in 
any way as the “Sporangioles” denoted by the old writers. The Jatter 
are of usual occurrence in mycorhiza, in its digestive cells. As was 
first announced by Franx (791) and then confirmed by Frepor (’97), 
Maenvus (799), Surpata ('02), Garravp |(’05), Bernarp (09), 
Burcerr (’09), and others, they are, however, nothing else than a lump 
formed by the undigested wall of the hyphae. The presence of this lump 
is almost universal, according to Burcrrr’s recapitulation, in the Or- 
chidaceous mycorhiza, with the only exception of Lecanorchis. In 
Gastrodia I can also confirm the digesting process in the cell of the third 
region, but the hyphae present are exceedingly less to leave a massive 
remnant of their wall as a lump. 

Now we come to the origin of the small body. In connection with 
this we observe a certain alteration in structure of the hyphae, remind- 
ing us of the digestive process taken by the higher symbiont. After or 


perhaps during the formation of the globule and vesicle certain portions 
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of the hyphal filament are surrounded by a fine granular region which 
ean be distinctly limited from the fibrous cytoplasm (Figs. 25, 28, 45-47, 
49). The staining character is different from the latter, taking the stains 
quite similarly as the hyphae themselves, thus blue or light violet with 
the triple stain, while the surrounding cytoplasm takes more or less 
safranin. Potassium iodide-iodine stains somewhat yellowish, showing 
the negative reaction to glycogen. I cannot yet decide with precision 
whether the granules are the product of the hyphae or of the cytoplasm 
as zymogen. However, we would like to assume the content of the hyphae 
as their origin and to take them as the food materials to be utilised by 
the host directly or after entering the growing vesicle. Tater, a clear 
space is developed between the hyphae and the granular region. The 
hyphae then become faint, empty, and homogeneous as if the content was 
exhausted. Next the granules are gradually resorbed in the cytoplasm. 
I am not able to trace step by step the subsequent stages, and I cannot 
express with accuracy the fate of the hyphae under such condition. Still 
the facts that the hyphae lose their definite structure, are fragmented, and 
form, more or less contracting, less stainable irregular masses or somewhat 
spherical bodies in the clear space in the granular region would suffici- 
ently show the genetic connection of the small body with the hyphae under- 
going the changes indicated. I take, therefore, the small body as the 
remnant of the hyphae. This view is strengthened by the fact that its 
increase in number goes pari passu with the disappearance of the hyphae. 

The small body may also originate from the globule and vesicle. At 
the time the globules are disappearing one by one, there begin to appear, 
among irregular small bodies given above, similar but larger vacuolate 
masses taking the same stains as the former. The large dimensions, 
round form, and vacuolate nature point to these masses being the ground 
substance of the globule. In fact we have observed at the later stage of 
the dissolution of the globule that the peripheral portion loses the stain- 
ing power owing to the diminution of the essential component and exhibits 
homogeneous but vacuolate nature. This ground substance remains be- 


hind after the complete exhaustion of the protein substanee and, contract- 
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ing considerably, is thrown into a vacuole of the cytoplasm in a form 
indicated (Figs. 54, 56). Again, in the dissolution process of the vesicle 
we observe the disappearance of the granular content, but its hyaline wall 
remains unattacked. From compression of the surrounding cytoplasm, 
the empty vesicle begins to shrink (Figs. 51-53), and the wall is then 
thrown into the vacuole as an irregular mass but often in a stellate form 
(Fig. 56). It must be noted that the small bodies in vacuolate globular 
or stellate form do not appear while the globule and vesicle remain intact, 
thus making the genetic connection of the former with the latter highly 
probable. 

Respecting the origin of the small body I can further add another 
fact. When the activity of the mycorhizal cell is over, the hyphal fila- 
ment secretes along its surface small less stainable globules, while the 
filament itself becomes faint in appearance (Fig. 22). The filament is 
also at once \broken into pieces, each piece becoming an irregular mass 
(Fig. 50). The globules and the mass can by no means be distinguished 
from the small bodies already present. 

Although the small body is thus derived in various ways, it is shown 
that in all the cases it has material connection with the hyphae. Judged 
by the resistant character towards several reagents, this body would 
consist essentially of cutinous substance originated from the hyphal wall 
(Wester, ’09). If there be partly other substances of different origin, 
it appears yet probable that they are all useless matter. 

From what we have stated above, we may point out the physiological 
significance of these inclusions. The globule and vesicle are the secre- 
tion products of the fungus and are for the host essential nutritive ele- 
ments. The small body is useless substance for the nutrition of the host, 
and, though its origin may be various, it may be conveniently included 
uncer the name of excreta, as Zacu (’08) so named the similar body 
found in AJnus. 

The loosely fused mass of the excreta (Figs. 21, 30) gives an ap- 
pearance quite similar to the “clump” found in the digestive cells of other 


mycorhizas. The clump is usually surrounded by the cellulose membrane 
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secreted from the cytoplasm, or rarely, as in Psilotum (Suiwara, ’02, p. 
659), by an amyloid substance. However, no such a substance is found 
in the present case; the mass occurs freely in the vacuole. 

When the globule and vesicle disappear and the small bodies increase 
in number, the cytoplosm diminishes exceedingly and becomes highly 
vacuolate. This will show the end of the activity of the cell. It is at this 
stage that starch grains begin to reappear in the cytoplasm (Groom, ’05 b; 
Maents, ’00). 

As regards the whole organization of mycorhiza and the anatomical 
relation between the symbionts, Gastrodia may be compared with Lecan- 
orchis which has been studied by Janse (’97) and has been taken by 
BurcerrF (’09) as a special type (“Sporangiolenpilze”) of the Orchidace- 
ous mycorhizas. According to Janse, the root of this orchid is traversed 
on its surface by a mycelial strand. The branches of the hyphae penetrate 
into certain epidermal cells and give off permanent mycelia filling up a 
certain zone of the cortical cells. The cell immediately below this layer 
is infected by the separate hyphae. The cell is the largest, rich in plasm, 
its nucleus is enlarged and much fragmented. Janse mentioned that 
the apex of the hyphal filament in this cell swells up and develops into 
the vesicle, containing refractive, spherical or polygonal bodies, coloured 
brownish with iodine. On these accounts we find a close resemblance of 
this cell layer with my third region—size of the cell, behaviour of the 
nucleus, amount of the cytoplasm, manner of the hyphal infection, and 
perhaps function of the mycelium. Further, the permanent mycelia may 
correspond to those of my first region. The only difference lies in the 
manner of penetration of the infecting mycelium; it is there caused by a 
bundle of a few, loosely arranged hyphae passing through the epidermal 
cell (see his Figs. 2-5, Pl. XIII), in Gastrodia, however, by a thick com- 
pact mycelial strand. 

From these similarities which Lecanorchis and Gastrodia have pre- 
sented, it may naturally be inferred that the vesicle in both plants might 
be of a similar nature, being the secretion product of the fungus. I am, 


therefore, against the views which admit this body in Lecanorchis to be a 
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structure analogous to the “Klumpen,” or to be the degenerated “Arbus- 
cules” (GaALLaup, 705) or the “Organe des Pilzes” (Burcrrr, ’09). 

Groom (795 b) mentioned a similar differentiation of mycorhizal 
cells in Zhismia. The innermost layer (in mediocortex) behaves similarly 
as the corresponding layer in Lecanorchis ; the hyphae collapse after form- 
ing a terminal bladder which gives out a yellow liquid, containing numer- 
ous rod-like bodies exactly comparable to the yellow deposits in Lecanor- 
chis. He considered it to be resistant excreta absolutely useless to the 
higher symbiont (p. 353). Lane (99) deseribed the vesicle in Lycopodi- 
um-prothallium, which shows in many respects the most close similarity 
to that of Gastrodia, but he did not express a definite view on its signi- 
ficance. CAMPBELL (08) gave the similar structure in fern prothallia 
as being the conidium of the fungus. Thus there prevail very divergent 
views on the nature of vesicles from different mycorhizas, and to ascertain 
whether they are analogous or homologous structures, we must await fur- 
ther comparative study. 

2. Most of the endotrophic mycorhizas have a mycelial connection 
of the endophyte with the surrounding medium (JAnsr, 797; Lane, 799; 
Maenvs, 00; Surpara, 02; Burcerr, ’09; ete.). The connecting hyphae 
are, however, so poorly developed, in contrast to the endophytic hyphae, 
that many authors are inclined to take them as the infecting hyphae, and 
to put the nutritive connection between the surrounding medium and 
the inner tissue of the host through the agency of these hyphae in ques- 
tion. Lang (p. 295), finding in Lycopodium-prothallium the hyphae 
passing out into the soil through the rhizoid from the interior, which is 
shown by the direction of growth opposite to that taken by the infecting 
hyphae, clings to the view that the connecting hyphae are the conveyer 
of the organic material from the soil to the host. Burerrr’s studies on 
orchids lend support to this view. At any rate, the anatomical data 
obtained from this form of mycorhizas seem to be still inadequate to 
draw precise conclusions as to the real function of the hyphae outside 
the host. The case is, however, otherwise in Gastrodia. The main por- 


tion of the fungus develops outside the host, with which the endophyte 
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is connected by a thick mycelial strand. Such a mode of development of 
the symbiotic fungus shows no doubt an ectotrophic mycorhiza, while 
on the other hand the internal relation between the two symbionts ex- 
presses the mycorhiza to be a typical endotrophic form. In consequence 
the present instance of mycorhiza must be regarded as a combination of 
endo- and ectotrophic forms. 

As far as I know, such a peculiar case of mycorhiza has not yet been 
thoroughly investigated. According to Janse (’97, p. 121-123) the 
endophyte of Coffea, Cotylanthera, and Lecanorchis have connecting 
hyphae forming a loose bundle, similarly as in Gastrodia. But as a de- 
tailed account on the development of the fungus in the soil is not recorded, 
we cannot determine whether the nutritive relation in these cases is 
strictly the same as in Gastrodia or not. 

3. Magnus thinks that the thick-walled hyphae remaining intact 
in the “fungus host-cells” are a resting form, which after the death of 
the host-cells survive till the next year to accomplish a new infection on 
the newly derived root of the host. In Gastrodia the hyphae of the first 
region of the mycorhizal cells, having a similar structure, appear also 
to play a similar function. Jlowever, the infection of the fungus is when- 
ever performed by the strand of Rhizomorpha subterranea, and there 
is no necessity of forming the resting hyphae in the endophyte for a 
subsequent infection. If there be any function, we should like to say, 
based on the habit of Armillaria mellea, that the hyphae under considera- 
tion hibernate after the disintegration of the host tissue and utilise in the 
next vegetative season the decomposed organic matters from the dead body 
of the host, as does Rhizomorpha subcorticalis, to nourish the strands for 
further growth. As we have already referred to, the corresponding hyphae 
found in &. subcorticalis may serve as absorbing organ, and it would not 
be quite phantastic to assign the same function to the similarly originated 
hyphae of the endophyte. 

The hyphae of the third region may perhaps correspond to those in 
the “digestive cells.” However, in the present object, the digestion of 


the hyphae seems to contribute but very little to the nutrition of the host, 
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since the hyphae present are not massive enough to have any concern with 
it. It seems that the hyphae of the second region substitute for them 
in this respect by undergoing self-disorganization. The important fune- 
tion involved in these hyphae is, on the other hand, the transmission of 
the food materials from the outer strand and of decomposed substances 


of the hyphae developed in the second region. 


VIII. Relation between the Rhizomorph and 
Potato-Tuber. 


During the present investigation I had an opportunity to examine 
potato-tubers attacked by the rhizomorph strand. The relation between 
these plants offers very interesting facts which bear more or less upon the 
problem of the mycorhiza of Gastrodia, as might be expected from the 
resemblance of the vegetative organ which both higher plants possess. 

The connection of the potato-tuber and the rhizomorph seems to be 
of usual occurrence on farms near or in woods. Prof. Mryaznr first 
informed me that he found in Hokkaido the association of these plants. 
Afterwards I obtained such material in Nikko where T had been several 
times to make field observations on Gastrodia. The farm from which T 
got the material is surrounded by uncultivated grassy land with shrubs 
and trees, containing abundant humus substances. Rhizomorpha sub- 
terranea, originally developed at this place, has spread throughout the 
farm. At a glance the connection of the rhizomorph and potato appears 
quite similar as in Gastrodia, showing as if they form a mycorhiza (Fig. 
15). The fact, however, is contrary: the fungus is typically parasitic 
upon the potato-tuber. The strand creeping over the surface of the tuber 
sends out branches which penetrate into the inner tissue, developing 
then as Rhizomorpha subcorticalis. White silky mycelia may be re 
cognized from the surface traversing the subcortical layer in radial direc- 
tion from the infected point. Besides, the soft brownish strands spread 
out through the tissue near the cortex. The portion of the tuber so 


far traversed by the fungus becomes brownish and loses turgidity, show- 
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ing disintegration (Fig. 16). It shows the symptom of soft rot which 
the potato-tuber suffers usually from parasitic fungi or bacteria. The 
composing cells of the diseased portion are easily crushed between the 
fingers. There are also observed the hyphae entering the cell cavity. 
The infected cell contains brownish cell sap, and the starch grains remain 
intact for certain periods of time. In its whole aspect the behaviour of 
the fungus is quite the same as when it attacks the Gastnodia-tuber in 
such a state to which I have attributed the parasitism of the fungus. 
It may be noted that the parasitic connection of the fungus with 
Gastrodia happens only as an exceptional case, while it is usual with 
potato, so far as observed by me. The comparative study of the tuber 
from both plants recalls our attention on the critical point in which 
the parasitism is turned into the symbiosis. While the anatomical 
characters are quite the same in both tubers—presence of the thin corky 
layer and thin-walled parenchymatous nature of the composing cells, 
packed with starch grains—, the fungus seems to exert upon them quite 
the same mechanical or chemical actions. The difference whether para- 
sitism or symbiosis is established depends upon the reaction of the host 
to the attack of the fungus. The state of affairs in potato is only that 
the living plasm easily succumbs to the devouring action of the fungus, 
while in Gastrodia the plasm responds otherwise, that is, it restores its 
high activity, by which it is able to subdue the fungus in favour of itself. 
It must be remembered, however, that Gastrodia is sometimes under un- 
favourable conditions to respond to the attack, then the fungus manifests 


its proper parasitic action. 


IX. Development of the Tuber and the Mycorhiza 
Formation. 


Although the facts gained from the cytological studies are. sufficient 
to prove Gastrodia to be a mycorhizal plant, the precise mode of its life is 
yet far from being adequately explained. The presence of numerous 


isolated tubers, from the full grown to such in very young stages, without 
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connection with the fungus seems to obviate the absolute necessity of the 
symbiotic association, and one might think that an intact young tuber can 
absorb the food material from the surrounding medium to enable it a 
complete development. In order to settle this point, I attempted to follow 
by culture-experiments the fate of such tubers. The material was col- 
lected in the flowering season, and the tubercles apparently free from the 
fungus were transplanted in different places or in soils of different kinds, 


and their subsequent condition was watched carefully. 


1. Por Courtoure. 


At the end of May the tubercles were planted in pots with loam, 
humus soil, or quartz sand. No subsequent growth in thickness of the 
tubercle was ever found; but usually its apex grows out into a long slender 
rhizome, often producing at the same time a few offsets directly on the 
node of the mother-tuber. Approaching the end of the vegetative season 
the offsets were also developed on the rhizome. In all the cases the offset- 
tubercles were provided with pedicels. When the vegetative season was 
over, the pedicel, rhizome, and even the mother-tubercle began to dis- 
integrate altogether, and the offsets were all set free, so that at this time 
they must absolutely stop their growth. 

Figs. 6 and 7 show the process of development of offsets from the 
mother-tubercle. In these figures a represents the development of the 
mother-tubercle attained at the beginning of the experiment (May 29). 
Examined on July 9, the apex has already grown up to the rhizome (10 em. 
long in Fig. 6) and small processes have appeared on the surface of the 
tubercle. On August 9, the development has proceeded as shown in D. 
When examined in the spring of the next year (April 15), the result 
was as may be represented in c. We see here the decay of the mother- 
tubercle, rhizome, and pedicel, the surviving portion being represented 
only by the offsets. Compared with the mother-tubercle the offsets are 
yet exceedingly small, expressing, as it were, the first stage of their growth. 
T think that they have already come to this stage at the end of autumn and 


remained unchanged till the next year, 
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We understand from these facts that the nutritive substances used 
for the formation of the offsets are evidently derived from the reserve 
materials stored up in the mother-body. However, as the latter is quite 
incapable to utilise additional materials from the soil, the offsets must be 
insufficiently nourished and remain in an incomplete state of development. 
That the offsets derived from the mother-tubercles free from the fungus 
are universally in such a condition, as ascertained by repeated experiments, 
will be strong evidence for the view that the intact isolated tubercle is not 
able to add any self-assimilated product to the food material gained before 


isolation from the mother-body. 


From the result of this experiment the origin of numerous small 
tubercles found in the field will be so evident as to demand no further 
explanation. They appear to be at the developmental stage, but in fact 
they are at the end of growth. Most of them may remain unsuccessful 
in the mycorhiza formation. They perform, however, an important 
function, the vegetative reproduction, in the way mentioned above. Such 
tubercles proceed generation after generation to produce much smaller 
offsets, until perhaps their reserve materials become so much reduced 


as to be incapable of feeding the offsets derived from. 


9. OULTURE IN THE FIELD, 


One set of intact tubercles was laid in the humus soil near the trunk 
of oak-trees, where numerous strands of the rhizomorph were found 
ramifying, while another set was buried in the soil near the oak or other 
trees, where no apparent development of the rhizomorph could be 
ascertained. The development of the tubercles thus prepared has pro- 
ceeded as follows: 

1. A few tubercles, all about 6 em. in length, were laid at the end 
of May, 1908. Observed on October 28, the specimens in the soil not 
traversed by the rhizomorph strands have already decayed, after produc- 
ing a few exceedingly small offsets hardly attaining 1-2 mm. in diameter. 
On the other hand, the specimens laid at the root of the trees, around 


which vigorous development of the rhizomorph has taken place, were still 
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alive and their apices have elongated into branched rhizomes, while no 
increase in thickness of their body was visible. The rhizomes appeared 
to be directed towards the trunk of the trees, on whose bark were seen 
especial ramifications of the strands. I could not ascertain the organic 
connection of these tubercles with the rhizomorph. But, as a remarkable 
fact, I found on a piece of a flowered tuber laid together with these tuber- 
cles a firm attachment of the strands; yet neither the growth of this piece 
itself nor the development of offsets has at that time been possible to 
observe. 

Examined in the next year (April 19, 1909), I found that all the 
tubercles have completely decayed and the dead tissue has been attacked 
by the strands. 

The failure to get surviving offsets from these tubercles must be due 
to an unfavourable condition under which they were laid. I repeated 
then the same experiment in the next year. 

2. At the end of May, 1909, five vigorous tubercles, on average 
5-6 em. long, were buried, being wrapped altogether in cloths, under the 
oak-trees at the same place as the previous experiment was carried out. 
Examined on September 6, vigorously growing strands of the rhizomorph 
have perforated the cloths and ramified among the tubercles. Three 
of them have died away without previous production of surviving offsets 
or effecting the connection with the strands. One of the remaining 
tubercles has also died, leaving two or three small offsets. The last one, 
on the other hand, was still fresh and indeed has accomplished the organic 
connection with the rhizomorph. Two or three rhizomes, 2 mm. thick 
and a few centimeters long, have developed from it, some carrying small 
offsets. Though its subsequent development was not observed, it became 
clear that the rhizomorph had occasion to come into contact with the 
tubercle and to enter into the formation of the mycorhiza. 

Besides these tubercles, I put into the ground at the same time a 
certain number of flowered tubers, still fresh but exhausted of their re- 
serve materials in forming the flower shoot, under a trunk of the same 


trees. In September they all collapsed and the rotten bodies were 
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traversed by numerous strands of the rhizomorph. The fungus appeared 
to utilise the organic substances from the dead tubers. 

The most remarkable and conclusive result was obtained with a 
tubercle 7 cm. long, which has been treated similarly. In September 
numerous strands had already attached firmly to one portion of its sur- 
face, and their branches penetrated into the tubercle and produced a large 
mass of hyphae spreading in wide extent under the subcortical tissue. 
Within that extent the cortex of the tubercle assumed somewhat coarse 
consistence and appeared in the surface view light brownish and more or 
less verrucose. The tubercle did not show its own growth, but produced 
a few offsets as shown in Fig. 14. The offset developed near the centre 
of the mycorhizal cell region showed the most vigorous development, 
attaining about 4.5 em. in length and 2 em. in breadth and indicating the 
rapid subsequent growth. The other offsets were smaller and the rudi- 
ments of their body were represented as small processes on the apices 
of the pedicels. 

As this specimen was used for cytological study, its subsequent deve- 
lopment could not be observed, but we may judge from the stage so far 
attained that the largest offset would have grown up to the flowering 
stage, though the smaller ones could not. 

Supporting this view I found in the field at the end of the next month 
an isolated large tuber, so large and so full of starch as the flowering one. 
Its apex bent upwards, representing the rudiment of a flower shoot. As 
this tuber was quite free from the attack of the rhizomorph, the full size 
it attained and the accumulation of sufficient reserve materials must have 
been due entirely to the mycorhizal mother-tuber, which had already dis- 
organized, but whose presence was learned by a scar left on the base of 
the new tuber. Comparing this tuber with the offset reproduced in Fig. 
14, it seems highly probable that the former represents the subsequent 
stage of the latter. 

We have learned from the above experiments that the organic con- 
nection with the rhizomorph may be accomplished by tubers of various 


sizes. So in the field, as in the eulture-experiment, I could find the flower- 
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ing tuber attacked by the rhizomorph (Fig. 13). However, this is per- 
haps an extreme case, since the tuber at such a stage does not generally 
demand the association with the fungus. The anatomical study shows 
that the organization of the mycorhiza is not yet complete: the extension 
of the endophyte round the infected spot is very narrow, the third region 
of the mycorhizal cells is not yet invaded by the fungus, and secretion 
bodies do not appear. So that there is no indication that the tuber profits 
by the presence of the fungus. I found also in the field (in May) very 
small tubercles showing connection with the rhizomorph (Figs. 9-12). 
Whether the connection was effected in the preceding year (autumn) or 
shortly before the observation could not clearly be made out. Yet the 
internal relation between the two symbionts was already so intimate as 
we can state with certainty that vigorous metabolic activity was taking 
place. In this case my observations were not so far extended as to confirm 
whether such small tubercles can grow by themselves in virtue of symbiosis 
or whether they proceed simply to produce under this condition the offsets 
attainable to flowering state like the tubercle shown in Fig. 14. To settle 
this point we must await further investigation. 

On the basis of the experiments and observations so far carried out, 
I come now to make the following statements: 

The flowered tuber does not produce the offset-tubercle, but all tubers 
not yet attained to the stage to bear flowers, whatever mycorhiza is formed 
or not, are capable to multiply themselves by producing offsets. With 
tubers free of the mycorhiza formation the offsets are produced on long 
rhizomes. The offsets derived from such tubers are always smaller than 
the mother-body. It is only the mycorhizal tuber that can produce the 
offsets capable to grow up to bear flowers. As a rule, the nutritive con- 
nection of the offsets is closed at the end of autumn when the mother-tuber 
disorganizes. The connection of the rhizomorph with these isolated 
offsets takes place quite occasionally, and a great majority of them is 
incapable of further nutrition, so that their descendants, if equally un- 
successful, will be extinct at length after certain generations. This may 


be shown in the following table. 
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X. Discussion. 


1. Adaptation towards symbiosis. In numerous mycorhizas studied 
by previous authors, it has been generally acknowledged that the fungus 
undergoes a certain modification; its endophytic portion changes more or 
less the structure, and the reproductive organ is degenerated. Especially 
in the fungus forming the endotrophic mycorhiza, it has gone so far that 
many investigators entirely failed to find such a process of development 
as to express its systematic position. In fact, even in the ectophytic 
fungus, which in symbiotic adaptation stands in lower rank than the 
endophytic one, the normal development has been found only in very rare 
cases. 

With this point in view the fungal symbiont of Gastrodia affords 
quite an unusual case of symbiotic association. In performing the endo- 
phytic development, it receives but little modification: the structure of 
the hyphae is essentially the same in and outside the higher symbiont, 
and the fruit body is formed regularly. This may be due to the con- 
dition that the symbiotic association of the fungus is accomplished simply 
by a branch of the vegetative organ, and it does not interfere with the 
organization of the main portion which exists as a rule in saprophytic 
and often parasitic form. It may be considered, therefore, that the fungus 
shows the least morphological adaptation in performing the symbiotic 
association among the fungi related to mycorhiza. 

On the other hand, the higher symbiont presents the most advanced 
adaptation and differentiation towards the habit of symbiotic saprophy- 
tism. The root system has wholly degenerated, and the tuber, serving 
typically as a reservoir of food materials, is disposed to perform the ab- 
sorbing function by the co-operation of the fungus. Special cell layers 
are then adapted for entertaining the endophyte, and further they are 
differentiated into different regions. Thus in the present case the my- 
corhiza is formed by the less modified fungus and most specialised higher 
plant. The inequality of adaptation in both symbionts tends to show 


that the one symbiont (higher plant) requires in great measure the pres- 
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ence of the other (fungus), while the latter demands by no means the 
association with the former. It is perhaps connected with this un- 
balanced state of mutualism that the symbiotic association of these plants 
takes place less frequently. Again, connected with the latter fact, the 
production of numerous offsets in the higher symbiont may be assumed as 
an ingenious device of adaptation for reproduction, whereby the descend- 
ants may find an unfailing occasion to associate with the fungus at that 


place which the ancestor found as fittest for existence. 


2. Evolution of mycorhiza. The fact that Armillaria mellea may 
become parasitic under certain conditions, even when it comes in connec- 
tion with its symbiotic component, will show that it is a less accommodated 
fungus as symbiont and its symbiotic development may be considered as 
a deviated representation of parasitism, taking place quite occasionally 
or accessorily. From this we can get a clear idea on the evolution of 
mycorhiza. Under special circumstances the parasitic life of the fungus 
is modified so as to cause a reciprocal interchange of benefit with 
the host, and thus mycorhiza is established. Armillaria mellea may be 
reckoned as an example showing the first step of such modification. 

Similar instances have already been known. Prnzia (’85) reported 
the results of GrpELui’s observation that the mycorhizal fungus of the 
chestnut-tree can under a certain condition destroy the host. MacDovear 
(99, p. 5) states, “Rexs and Fiscn call attention to the fact that the 
relation of a fungus to the root of a specific plant is not always a fixed 
one. The chemical interchange may be so evenly balanced during a part 
of the season, or during a part of the lifetime of the fungus or of the 
higher symbiont, as to constitute a symbiosis; but in other stages the 
presence of the lower form may result in positive damage or disadvantage 
to the higher plant. Thus Macrarriane concludes that the mycorhizal 
fungus of Philesia is an ultimate disadvantage to the plant, since it 


hastens the death of the absorbing organs.” 


Evenxkrin (797) conceived the 
symbiosis as a balanced form of life of two inmate organisms, in which 
the one may under certain conditions overcome and act unfavourable on 


the other. Naprson (708), discovering that the mycorhizal fungus of 
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Quercus is useless to the host and even acts destructive, pronounced the 
view that the symbiosis of the fungus on the so-called ectotrophic mycor- 
hizal root represents a form and stage of parasitism. Brrnarp and 
Burerrr found a similar feature in orchids, and Nemec (’04) and 
GarJEANNE (711) in rather inconstant association of fungi and the 
Hepaticeae. On the basis of these facts Soraver (709) has gone so far 
as to announce the view that parasitism is a form of symbiosis (p. 377). 
The state of affair in the case of Gastrodia will be that the parasitic 
Armillaria infects Gastrodia as it does potato, but under ordinary condi- 
tions the host subdues, unlike the latter plant, the fungus to make it 
behave as a symbiont, while under other conditions symbiosis is turned 
into parasitism, showing the fluctuation of nutritive dependency between 
two organisms. 

Viewed from the point of the evolution of mycorhiza. we must rank 
the Armillaria in the most primitive form of symbionts. For, not only does 
it retain yet saprophytic and parasitic properties, being parasitic even on 
its symbiotic component, but its vegetative and reproductive organs receive 
but little modification in becoming the symbiont. Those fruit-producing 
fungi of ectotrophie mycorhizas which aid always their components in 
favourable ways may be regarded as being a little more adapted for 
symbiotic life, while next come such epiphytic fungi that are degencrated 
so much as to be unable to produce the fruit bodies, and so on. 

3. Nutritive relation. In the endotrophie mycorhiza the nutritive 
condition of the higher symbiont remains still in confusion. With a 
symbiont as Neottia (Maanus, Burcrrr), where the connecting hyphae 
do not regularly develop, its nutritive connection with the soil is not 
clear. But most of the endotrophic mycorhiza possess the connecting 
hyphae to which the function of the conduction of all soluble substances 
necessary for nutrition of the higher plant may be possibly ascribed, as 
asserted recently by Burcerr. The mycorhiza of Gastrodia may be re- 
garded as a type having the most perfect connecting hyphae among the 
endotrophie mycorhizas, and there is no doubt in believing that the direct 


communication of the nutritive substances from the outer medium to the 
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host takes place in the same degree as in the ectotrophic mycorhiza. 
Supported by anatomical studies, we must consider the physiological con- 
dition as being a combination of that found in ecto- and endotrophie 
mycorhizas. So that Franx’s view of the nutritive process as similar to 
insectivorous plants may be partly justified in this ease, but for the chief 
food materials which the higher symbiont requires for vigorous growth 
the portion of the fungus lying outside the symbiont must be concerned 
in the first rank. 


We may here consider the nutritive reciprocity between the fungus 
and the orchid. What kind of profit can the fungus receive from the 
higher symbiont? It is not conceivable that the higher symbiont behaves 
beneficially towards the fungus with constant supply of carbohydrates, as 
do greenish symbionts. Allowing the disappearance of starch and the 
consumption of the protoplast of the host to be advantageous to the fungal 
development, we cannot conclude that these processes have a great weight 
on the whole organization of the fungus. For, the food materials of 
the fungus are usually supplied by its portion developing as Rhizomorpha 
subcorticalis outside the symbiont; this is true even when one of its 
strands forms symbiosis. Thus in the fungus the importance of the sym- 
biotie association is not indicated. 

The case is, however, contrary in Gastrodia. The absence of the 
root system and chlorophyll apparatus, and also other characters make 
the association with the fungus absolutely necessary for existence. About 
the real nature of nutrition, whether the orchid absorbs all the nutritive 
substances from the fungus or the presence of the fungus enables it to 
assimilate the organic or inorganic matters afforded by the environment, 
T have not yet experimental proofs. Still it is certain that the essential 
constructive materials do not enter the tuber through the cork tissue 
developed on its surface for protection. Rather I would like to think 
that, unlike any greenish mycorhizal plant in which self-assimilation may 
possibly oceur, or colourless higher symbionts which possess, though more 
or less degenerated, an absorbing organ, Gastrodia must derive its nourish- 


ment exclusively from the fungus. That the raw materials as well as 
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organic substances, which are available for the higher plant, are conducted 
through the fungus is evidenced by the nature of the fungal organ come 
in direct connection with the higher plant. According to Brerexp (’77), 
thizomorpha subterranea is a transferer of nutritive substances, or a 
stolon, “In der Erde ernahren sich diese Strange selbst nicht, sie sind 
nur Auslaufer, quasi Stolon vom Mutterstock,....” (p. 149) and “die 
Rhizomorpha subterianea ist eine secundire Bildung von der Rh. sub- 
corticalis, sie wird von dieser, die in Baumen lebt, unterhalten, bis sie 
selbst einen Baum erreicht und in diesem zur Selbstandigkeit gelangt” 
(p. 149). £. subterranea becomes in the present case a bond between L. 
subcorticalis and Gastrodia, through the agency of which the nutritive 
substances are transferred from the former to the latter. 

We arrive now at the conclusion that the interchange of the nutritive 
substances, or the reciprocal profit, is not in equilibrium; in Gastrodia 
the loss of starch and protoplast is amended by the gain in excess from 
the fungus and vice versa in the latter. Considering the whole organiza- 
tion of both symbionts, the fungus appears not to demand the symbiosis, 
while Gastrodia must absolutely depend upon it. In strict sense, there- 
fore, true symbiosis is not conceivable; Gastrodia is in fact parasitic on 
the fungus, otherwise the symbiosis shows such a tendency. 

This argument may be supported by the structure of the vegetative 
organ which Gastrodia possesses, quite comparable to that of holoparasites, 
such as the Balanophoraceae, Rafflesiaceae, etc. These parasites, 
as a matter of obvious fact, are. entirely depending in their nutrition 
upon the root of green plants. Local hypertrophies occasioned on the 
host may point out the existence of a certain symbiotic relation between 
the host and parasite. Such a beneficial action of the parasite, if I 
may be allowed to use this word, is comparable, I believe, to the favourable 
action of Gastrodia towards its host, the fungus, for its endophytic 
development. So that the parasitism involved in Gastrodia should be 
understood in the same sense as is realised in the holoparasites referred 
to. 


The view of parasitism of the higher plant upon the mycorhizal fungus 
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was pronounced by Frank (792, p. 267), supported by Kerner (700, 
p. 242), in Monotropa, This view was accepted by some writers (Josv, 
‘08, p. 284) and objected to by others. MacDovear’s objection Coo; 
p- 32), though it may be true as far as Monotropa is concerned (ef. 
PEKLO, °08), appears not to be justifiable in the present case, and the 
special structure in Gastrodia, especially non-development, unlike Mono- 
(ropa, of an absorbing organ, seems to enforce FRANxK’s argument. It may 
be assumed in the present case that the moment by which two organisms 
are brought into contact is the parasitie property of the fungus, but the 
same property possessel by the higher plant being stronger, the nutritive 
dependency becomes to be displayed in a reversed way. 

As already mentioned, the chief reserve material in the tuber of 
Gastrodia is carbohydrates, especially starch. This surplus product beyond 
the requirement of immediate consumption is greatest in amount, when 
its mother-body is symbiotic with the fungus. As to the source of carbo- 
hydrates in a non-chlorophyllous higher symbiont, Groom (’95b, p. 359) 
maintained the possibility of utilising certain organic compounds from 
the surrounding medium through the surface of its own lbody. Re- 
ferring to the plants provided with the absorbing organ, like Thismia, 
Monotropa, ete., this view might perhaps be justified. But in the sub- 
terranean part of Gastrodia the development of the cork tissue seems to 
preclude material communication with the surrounding medium. Ir my 
opinion, the starch of the higher symbiont originates from glycogen (see 
Errera, *06) or other carbohydrates found in the fungus body. The 
“exoenzyme” of Burcrrr, which makes the organic substance in the 
soil available directly for the higher plant, does not account for the 
absorption of carbohydrate in this case. The nitrogenous substances 
will be taken up from the fungus in the form of secretion bodies. If the 
tujber be able to assimilate the free nitrogen as ascertained in some 
mycorhizas, it will enter mainly through the fungal strand. Further, if 
the presence of the endophyte increases in fact the concentration of the 
cell sap of the host, as BerNArp and Burcrerr maintained in the my- 


corhizal orchids, it may be perhaps favourable to Gastrodia for facilitat- 
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ing the absorption of soluble materials from the fungus. Sraut (’00) 
clings to the view that the endophyte promotes the absorption of salts 
in mycorhizal plants, which otherwise is usually insufficient due to reduced 
transpiration. In Gastrodia this apparently necessary supply of salts 
would be established by the fungus body itself. Thus all the substances 
necessary for Gastrodia can possibly be supplied by the tungus. This 
conclusion is not inconsistent with several facts we have gained from 
anatomical and biological studies, so that it will show approximately the 
real nature of the mycorhiza in Gastrodia. 

4. Fructification of the fungal symbiont. ‘The normal development 
of the fruit body in the mycorhizal fungi is hitherto kuown, so far as 
I am aware, only from the epiphytic ones (Reuss, ’85; Worontn, 785; 
Noak, ’89; Kaurrman, ’06; Penninesron, ’08; etc.). The identifica- 
tion by culture was successful with some fungal symbionts isolated from 
greenish plants (Bernarp, ’09; Burcerr, 09; Prxuo, *09, 710), but 
it appears to me that most endophytes in non-chlorophyllous plants have 
so much degenerated as to be incapable of the normal development in a 
culture medium (see Bureerr, ’09, p. 205). Notwithstanding, the fun- 
gal symbiont of our colourless orchid, though partly endophytic, shows the 
normal development of the fruit body like some ectotrophic mycorhizal 
fungi on green plants. From this we now come to rank Armillaria mellea 
in the mycorhizal fungi and to take it as an additional species te the 
flora of fungi concerned in the Orchidaceous mycorhiza, from which Brr- 
NARD and Bureerr have isolated only Rhizoctonia (Hypochnus). 

5. Other allied orchids. The peculiar phase of symbiosis found in 
Gastrodia may call attention to the nutritive condition of Stereoandra and 
Gralera, the tropical orchids which have quite similar vegetative organs 
as Gastrodia. Systematists (Birumr, 58) described the isolated flower- 
ing tuber of these plants, which appear to me, judged by such a phase seen 
on the basal end of the tuber as there is shown an attachment surface, 
that they have been connected formerly with the mother-body. They seem 
to be nourished like Gastrodia by the mycorhizal mother-body until 


detached. In his studies of monocotyledonous saprophytes Groom 


54 S. KUSANO: 


(95a), however, reported in Galera nutans (Epipogum nutans) that there 
are outside the rhizome “densely matted masses of fungal hyphae” (p. 
191); scale leaves investing the whole surface of the rhizome produce 
long hairs into the soil, through which the hyphae enter the scales and 
occupy “all the cells” of them (p. 195); and “scales are the absorbing or- 
gans of the plant” (p. 195). The scales of the Gastrodia-tuber do not 
produce the hairs, nor is the mycorhizal fungus found in them, though 
some fragmented scales are infected with hyphae which have no concern 
with symbiosis. GRoom’s investigation is sufficient to prove the mycorhiza 
of Galera, but more detailed accounts seem highly desirable to attach 


much physiological importance to the fungi he found in the scale leaves. 


Thus the combination of Gastrodia and Armillaria establishes an 
unusual type of mycorhiza. Several notable facts thus far gained from 
the studies during the vegetative reproduction suggest to us the import- 
ance of undertaking researches about the development of this orchid from 
the seed. As to the condition of the germination of the seed and the 
structure of the seedling we are yet quite ignorant, and the problems 
attached to them are the relation between the fungus and the germination 
of the seed, the structure of the seedling, the form of the fungus which 
infects the seedling, the development of the tuber from the seedling, the 
process of development from the seedling to the flowering state, ete. I 
anticipate among these points some peculiarities relating to mycorhiza, 


which will deserve to be made public by a second communication. 


XI. Summary. 


1. The vegetative organ of Gastrodia elata is represented simply 
by a tuberous rhizome. It forms mycorhiza with the mycelium strand 
of Armillaria mellea, generally called Rhizomorpha sublerranea. 


2. The cytological features tend to show the mycorhiza to be an 


eudotrophic form. However, the direct connection of the endophyte 
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with the rhizomorph strands vigorously vegetating in the surrounding 
medium indicates the physiological relationship between the two symbionts 
to be similar to that in a typical ectotrophie mycorhiza. 

3. The infection by the fungus is effected by a sucker-like branch 
of the rhizomorph strand, which penetrates the cortical cell-layers of 
the tuber, partly compressing the underlying cells and partly dissolving 
their walls. 

4. The infecting strand sends out separate hyphae which spread in- 
tracelullary in a definite zone wnder a few layers of subcortical cells. 
The extension of the endophyte is limited within a certain area around 
the infected spot. 

5. The mycorhizal cell-layers may be distinguished into three re- 
gions, according to the structure of the cells and the nature of the hyphae 
which compose them. The first region consists of the onter two or 
three layers which contain a densely entangled mass of comparatively 
thick-walled hyphae. A similar convolution of hyphae is observed in 
the next one or two layers composing the second region. Jn this region 
the hyphae are generally thin-walled and of various breadths, and are 
often arranged in pseudo-parenchymatous form. The innermost layer 
constitutes the third region; the cells are the largest and contain each a 
few, slender, less curved hyphae. 

6. The different hyphae of the endophyte have essentially the same 
structure as those composing the rhizomorph strand. 

7. The hyphae of each region show characteristic alterations. They 
are permanent in the first region, but they undergo self-disorganization 
in the second, leaving their walls as irregular masses, while in the third 
region they are mostly consumed by the host-cells. 

8. The walls of the mycorhizal cells undergo certain chemical and 
physical changes. In the first region they become lignified and in the 
second they are partly dissolved by the perforating hyphae. In the third 
region the walls become thickened but do not undergo any chemical 


modification. Further, in both the first and third regions the wall deve- 


lops a tubular sheath which shows a distinct lignin reaction, 
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9. The thick-walled hyphae of the first region also give lignin re- 
action. 

10. In the mycorhizal cells the amount of the cytoplasm and the 
size of the nucleus are increased previous to the infection of the fungus. 
After infection the protoplast is soon consumed by the frungus in the 
second region, but in the first region the cytoplasm invests the hyphal 
clump and the nucleus is stretched, often so much as to cause fragmenta- 
tion into two portions. When the clump becomes larger, the protoplast 


disappears entirely. 


11. In the third region the cytoplasm increases further in amount, 
and acquires a granular and dense consistence, while the nucleus under- 
goes hypertrophy, hyperchromatophily, and various deformations by con- 


striction. The constricted portions may he often pulled apart in a stellate 


form. 


12. In the third region there appear prominent bodies, which may 
be considered to comprise both secretion and exeretion products of the 
endophyte. First, light yellowish, oil-drop-like globules become visible 
in the cytoplasm. Af the same time, there appear similar-sized vesicles 
with a hyaline membrane and containing yellowish granules. They are 
both secretion-bodies, or if not, their derivatives, to be consumed later 
by the host. While these are disappearing, there oceur innumerable 
small, hyaline, irregular masses, each in a vacuole of the cytoplasm. 
Afterwards they are thrown into a large common vacuole and by fusion 
form an irregular mass, more or less resembling the so-called clumn 
(“Klumpen”) usually found in the digestive cells of many mycorhizal 
plants. Probably they are derived partly from the remnant or ground- 
substances of the secretion-hodies and partly from the undigested wall 
of the hyphae, and, judging from their resistant property, they are cer- 
tainly useless excreta. 

13. In the third region an accumulation of very fine granules is 
observed round the hyphae, previous to their disintegration. Probably 
it is a phenomenon connected with the digesting action of the host. 


14. The cell of the third region is certainly a metabolic centre of 
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the higher symbiont, where the food materials are elaborated. The re- 
markable alterations in the eytoplasm and nucleus are indications of 
the great activities that are going on in the cell during this process; so 
that, when the latter is over, the nucleus resumes its original form and 
structure, while the cytoplasm again becomes fibrous and vacuolate. 

15. There is no evidence that the larger secretion-bodies are direct 
derivations from the swollen portion of the fungal hyphae, so that they 
are not organs similar to the vesicles or sporangioles known in many 
mvycorhizas. They are due to the accumulation of substances secreted by 
the fungus into the cytoplasm. The globules seem to originate partly 
from the protein contents of the degenerating hyphae in the second region, 
while the vesicles are derived from the material elaborated by the fungus. 

16. Starch grains disappear from all the mycorhizal cells. How- 
ever, in the third region they reappear with the cessation of the meta- 
bolic activity. 

17. The rhizomorph, besides forming mycorhiza, behaves as a true 
parasite towards Gastrodia, and under certain circumstances the strand 
penetrates deeply into the tissue of the tuber, then developing as Rhizo- 
morpha subcorticalis. The infected tissue collapses and is apparently 
injured, as may be seen in potato tubers attacked by the same fungus. 

18. Gastrodia multiplies usually by the tuber. It produces long 
rhizomes from its apex or node, upon which are developed stalked offsets. 
Sometimes the latter are produced directly on the nodes of the mother- 
body. 

19. At the end of autumn, the mother-body and the pedicel of the 
offset undergo degeneration, so that the daughter-tubercles are all set 
free separately. 

20. The association of the tuber with the rhizomorph takes place 
quite occasionally. If the mother-tuber forms mycorhiza, it can derive 
a full-grown offset which remains dormant during the winter and develops 
the inflorescence-axis in the spring of the next year. Otherwise, the 
offsets cannot grow larger than the mother-tuber, and under this condition 


the offsets would become smaller and smaller in successive generations, 
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until they are so much reduced in size and deficient of food materials as 
to be incapable of further multiplication. 

91. The production of numerous offsets from a mother-tuber may 
be considered as a favourable adaptive device for distributing the des- 
eendants over a wide area and for giving them better chances to combine 
with the fungal symbiont. 

22. The tubercles cultivated in the pot with sand, loam, or humus 
soil produce, as in the field, numerous offsets, but none of them can reach 
the flowering stage. This shows that they have no ability to provide 
themselves with nutriment from the surrounding medium. 

23. The usually saprophytic development of Armillaria mellea, the 
extremely reduced vegetative organ of Gastrodia, and the cytological fea- 
tures involved in the symbiosis lead us to the view that the reciprocal 
exchange of nutritive substances between the two organisms is not equal, 
i.e. the fungus becomes the victim of the orchid, perhaps receiving from 
the latter but little benefit for its whole organization. Therefore, it 
appears probable that physiologically the relation of Gastrodia to the 
fungus is similar to that of subterranean holoparasites to their host-roots 
—(astrodia is parasitic on the fungus. 

24. The chief reserve material stored in an adult tuber is starch. 
When intact, the grains give a red brownish colour with iodine, but in 
the paste form, both amyloid and amylodextrin reactions become distinct, 
giving a violet or reddish violet colour. 

25. The amyloplast in the mycorhizal cells and in all subcortical 


cells outside them contains a heavily staining body of nuclear nature. 


April, 1911. 
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EXPLANATION OF PLATES. 
PLATES I: 


Vig. 1. Adult tuber of Gastrodia elata with a growing flower shoot. x 1/2. 


to 
: 


Fig. Inflorescence-axis with racemose flowers. x 1/2. 

Fig. 3. Rhizomorpha subterranea found around the tubers of Gastvedia. x 1/2. 

Fig. 4. Living stock of Quercus serrata with numerous rhizomorph strands creep- 
ing over the surface of the underground portion of the trunk and of the main roots. 
Kz/o- 

Fig. 5. Fruit bodies of the fungal symbiont, Azmillaria mellea, developed on the 


dead stump of the oak at the same locality as Gastrodia. 3/5 


PLATE, 1k 


All figures in this plate are given in natural size. 

Figs. 6, 7. Development of young tubercles without association of the fungus. a, at 
the end of May; 4, at the beginning of August; ¢, at the beginning of April in the 
next year. At the last period the nutritive connection of the offsets with the mother- 
turbercles has been interrupted. 

Fig. 8. Rhizome-like tubercle. 

Figs. 9-12. Small tubercles accomplishing an organic connection with rhizomorph 
strands (obtained from the field at the end of May). 

Fig. 13. Adult flowering tuber occassionally attacked by the rhizomorph. 

Fig. 14. Mycorhiza formation of a tubercle laid under the oak-tree in May and its 
formation of an offset in vigorous development (observed in September). 

Fig. 15. Potato-tuber attacked by the parasitic strend of AAdzomorpha subterranea. 
Affected portion shows collapse of tissue and discolouration. 

Fig. 16. Section through the affected pertion of the same, showing the distribution 


of the strands as X. stubcorticalis. 


PLATE III. 


Fig. 17. Section of a mycorhizal tuber, showing the connection of rhizomorph 
strand and the endophyte, the distribution of the mycorhizal cells, and secretion as well 
as excretion bodies in the cells of the third region, ‘The strand is shown in transverse 
section. a, 6, c, first, second, and third layers of the composing cells; /, s, 4, first, 
second, and third regions; #, nucleus; wz, surface view of the cell wall; g, gobule; 2, 
vesicle ; ¢, excreta or small body; s/, starch grain. ‘Triple stain. x 100. 

Fig. 18. Secretion of the globular bodies from the hyphae of the third region. 


Fuchsin iodine green. 900. 
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Fig. 19. Globule (green) and excretion bodies (red). Fuchsin iodine green. 900. 

Fig. 20. Distribution of. the hyphae in the cell of the third region through the 
-ignified wall.. Numerous excretion bodies lie in the vacuoles. ‘The nucleus is shown in 
section. Fuchsin iodine green. x 400: 

Fig. 21. A portion of the cell of the third region at the latest stage. Excretion 
bodies are fused together, and starch grains reappear. Triple stain. x 400. 

Fig. 22. Corruption of the hyphae, producing excretion bodies. ‘Triple stain. 
x 900. 

Fig. 23. Limiting wall between the second and third regions, and the connection of 
hyphae between the two regions through the lignified papilla. Fuchsin iodine green. 
x 900. 

Fig. 24. Secretion of the globular substance from the hyphae of the third rigion. 
Some globules are granular. ‘Triple stain. 900 

Fig. 25. Granular region round the hyphae of the third region, Triple stain, 


x 900. 


PLATE «IV. 


The left sid> of all the figures of the host-cells given in this plate corresponds to 
‘their upper side. 

Figs. 26-29. Mycorhizal cells of the third region. 

Fig. 26. Stage before infection, with a very small amount of protoplast packing 
numerous starch grains. x 300. | 

Fig. 27. Early stage of the infected cell, producing a large vesicle which contains a 
dense mass of granular substance, and also producing numerous globules. Cytoplasm 
is dense and excretion bodies are beginning to appear on its peripheral portion: — x 300. 

Fig. 28. Nearly the same stage, showing the distribution of the hyphae and their 
secreting action. Round the hyphae is seen a distinctly granular region. — x 300. 

Fig. 29. Later stage. Cytoplasm becomes more vacuolate in the peripheral portion 
and the number of the excretion bodies is increased, while the globule and vesicle 
diminish their contents. 300. 

Fig. 30. Central portion of a mycorhizal cell of the same region in the last stage 
of its activity. Cytoplasm assumes a network structure and the nucleus is disintegrating, 
while the excretion bodies gather in common vacuoles tw fuse together. x 300. 

Fig. 31. Mycorhizal cells of the second region, showing the development of the 
hyphae and their devouring action of the protoplast. x 300. 

Fig. 32. Hyphae of the second region approaching to disintegration. ‘The content 
appears as a fine filament, and nuclear bodies are seen here and there. x 900. 

Fig. 33. The hyphae of the same region in the process of self-disorganization. 
x 900. 

Fig. 34. The same hyphae almost entirely disorganized, leaving their wall as 


structureless remnant. 400, 
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Fig. 35. Mycorhizal cell of the first region, with hyphal clump surrounded by the 
cytoplasm. Nucleus is fragmented into two portions. x 400. 

Fig. 36. Mycorhizal cell of the same region, showing the formation of numerous 
tubular sheaths on the limiting wall between the first and second regions. x 400. 

Figs. 37-39. Amyloplast in normal subcortical cells of the mycorhizal tuber, showing 
the successive enlargement by the accumulations of starch and accompanying change of 
the nuclear body x900. 

Fig. 40. Enlarged amyloplast in the cell just below the mycorhizal cell, with the 
correspondingly enlarged nuclear body. 900. 

Fig. 41. More enlarged amyloplast in the inner tissue of the tuber, showing dis- 
appearance of the nuclear body. 900. 

Fig. 42. Nuclear bodies of the amyloplast at successive stages (a-d). 2600. 

Fig. 43. Granular globules and small vesicles closely arranged, Globules stained 
with safranin are figured darkly and vesicles which take on gentian violet are shown in 
light tint. A large globule is found close to them. x900. 

Fig. 44. Relation between the hypha and globules as well as vesicle. Two globules 
are produced laterally and one terminally after the formation of vesicle. 900. 

Figs. 45-46. Successive secretion of globules from the hyphae, laterally and termin- 
ally. Apparent empty portion of the hyphae is surrounded by the granular region, 
x 900. 

Figs. 47-48. Formation of the vesicle as terminal swelling of the hyphae. x900. 

Fig. 49. Disintegration of the hyphal branches into small granular bodies. x900. 

Fig. 50. Disintegration of the hypha into excretion bodies at the end of activity of 
the mycorhizal cell. 900. 

Fig. 51. The wall of an empty vesicle beginning to shrink. 900. 

Figs. 52, 53. Later stage of the same having undergone much shrinkage. x900. 

Fig. 54. Excretion body in irregular form. x 900. 

Fig. 55. The same in homogeneous consistence. 900. 

Fig. 56. The same, one showing the probable derivation from the wall of the 
vesicle and the other from the matrix of the globule. 900. 

Fig. 57. The same in irregular form. x 900. 
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Fig. 58. Nucleus of an intact cell of the first region. 900. 

Fig. 59. The same shortly before the infection of the hyphae. 900. 

Fig. 60. Much deformed nucleus of the mycorhizal cell of the same region. 900. 
Fig. 61. Nucleus of an intact cell of the second region. x900. 

Fig. 62. The same shortly before the infection of the hyphae. x 900. 

Figs. 63, 64. Resting nuclei of the normal cells, showing the relative size with 


those of the mycorhizal cells. 900. 
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Figs. 65, 66. Nuclei of intact cells of the third region. 900. 

Fig. 67. The same shortly before the infection of the hyphae, showing the 
deformation and fragmentation of the nucleolus. 900. 

Fig. 68. Much deformed and enlarged nucleus in the cell of the same region at the 
highest activity. 900. 

Fig. 69. The same highly stretched out. 900. 

Fig. 70. The stretched portion of the same, showing the arrangement of chromatin 
threads in a bundle. x900. 

Fig. 71. A portion of the nucleus at the same stage, showing the arrangement of 
chromatin at both constricted and stretched portions. 900. 

Fig. 72. Transverse section through the stretched portion of the nucleus at the 
same stage, showing the bundle of chromatin threads in the centre. 900. 

Fig. 73. Peripheral portion of the tuber, showing the development of the infection 
branch of the rhizomorph strand and its influence on the structure of the underlying 
cells. The mother strand on the surface of the tuber is shown in longitudinal section. 
x 150. 

Fig. 74. Inner tissue of the tuber traversed by the parasitic strand of Rhzzomorpha 


subcorticalis. he strand is shown in transverse section. x 150. 
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On the Root-Cotton, a Fibrous Cork Tissue 
of a Tropical Plant. 


1: R's 


S. Kusano. 


With Plates VI and VII, and one Figure in the Text. 


The material for the present study was first brought back by Mr. G. 
Nakanara in 1905 from Botel-tobago Island (‘“Kotosho”) about 36 
miles east from the southern part of Formosa. It consists of a mass of 
the cottony fibre developed on the root of a tree, botanically unknown at 
that time. On account of it having too strange a structure, he was once 
of opinion that the fibre might be an abnormal tissue produced by the 
action of certain parasites or other agents. So far the material he has 
kindly placed at my disposal was concerned, I could not give an account 
on this tissue beyond its anatomical structure. Having occasion to visit 
the same island in the winter of 1908, during the botanical excursion to 
Formosa with a grant from the Imperial University, I could fortunately 
examine myself a large number of the living plant in question at several 
places and make a closer observation on the development of the tissue 
in question. I now venture to state that it is indeed the most interest- 
ing root tissue, normally developed and, so far as I know, not yet re- 
corded. The most important points we have to deal with about this tissue 
may be its biological significance and physiological function, but I must 
here dismiss them from consideration until further experimental evidence 
is to hand. What is aimed at in the present article is rather to give the 
nature, the anatomical structure, and the development of the fibre, as 
I believe that even this information may stimulate a considerable economic, 


if not botanical, interest. 


[Jour. Coll. Agric., Vol, 1V, No. 1, 1911.] 
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To Messrs G. Naxanara and U. Namrxt I am indebted for their 
courtesy in sending me the valuable material, and my best thanks are 
due to the authorities of the Imperial University for enabling me to 
make the excursion and also to the Government of Formosa for much 


assistance and hospitality offered me while travelling in that island. 


Description of the Plant. 


The cotton-producing tree belongs to the Rutaceae and was first des- 
eribed in 1906 by Merrrizx (06, p. 68) under the name of Fagara inte- 
yrifoliola on the specimen collected in the Philippine Islands. This tree 
shows in external form certain individual variations; in particular 1s 
there a great difference between young and old plants. So that it will 
not be superfluous to note here the points I was able to observe on the 
living material. 

In Botel-tobago it is a rather common tree growing among other 
trees and shrubs on the mountainous slopes. I found it at several places 
near the valley region. The trunk is straight, and rather thick branches 
have alternate leaves clustered on the apical portion (Text-fig. 1 a). In 
a several years old trunk the pinnate leaves are, so far observed by me, 
a little smaller than those described by Merrixx, being almost 50 em. in 
total length, and are provided with a less number of leaflets, usually in 
7 pairs. However, their general form and texture agree precisely with 
his description, except that no spines are ever found, which he described 
to be present, though very few, on the common petiole (b). 

Most remarkably, a young tree, 1-3 years old, differs much from the 
older one in external appearance, so much that, without the aid of an 
intermediate form, it is hardly possible to identify it with the species 
noted. The stem is provided with short but thick spines irregularly dis- 
tributed on its surface, while they are lacking in older trunks, though 
in the latter Merritt mentioned the development of spines in any young 


1 For identification of our plant I am obliged to Mr. MERRILL, for which I express my 
thanks to him. 
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branch. Further, the leaflets (d) are oblong with obtuse but distinct 
serrations, gradually acuminating apices, and symmetrical thin blades, 
Which are all different, as Merrit already deseribed, in the leaves from 
an old trunk. The leaf has a larger number of leaflets, generally 8-9 
pairs. In neither young nor old trees have I been able to find spines on 


the leaf, though they oceur in the Philippine specimen. 


Texi-fig. 1. 


@, inflorescence and clustered leaves on the top of a branch; J, leaflet of an old 
tree; c, leaflet of a young tree; d, leaflet of a seedling (4, c, d, 1/2 nat. size). 


The structure and form of the leaves undergo a gradual change until 
the tree reaches a certain age. In the final state the leaflets are glabrous, 
shining, subcoriaceous, entire, strongly inequilateral at the acute base, 
and abruptly acuminate at the apex. The blade is provided with pellucid 
spots and has a characteristic smell, 

In this dioecious plant a few panicular axes developed from the 
upper axils of each branch carry dichasium flowers. No spines are found 
on the axes. Flowers are white and very fragrant owing to the presence 


of nectary at the base of the ovary. Their diameter measures 8 mm. They 
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have pedicels, 2-3 mm. long, subtended by a few small bracteoles. Sepals 
4. pale green, small. Petals 4, oblong, white but often becoming later 
pale reddish at the basal portion. In male flower stamen 4; filament short 
and thick; anther pale yellow; pistil rudiment. In female flower pistil 
1, greenish; style nearly wanting; ovule 2, hanging. Capsule ovoid, 8-10 
mm. long, with soft verrucose pericarp and hard endocary, dehiscing 
through the suture line, one seeded. In other respects the reproductive 
organs agree in structure with the original description by Merrit. 

In Formosa it is hitherto known only from Botel-tobago. According 
to Mr. Merritt's kind communications, it is common in the Philippine 
Islands, extending from Mindoro Island to Batan Island in the Batanes 
group, the most northern part of the Philippines and very near to Botel- 
tobago. 

In Botel-tobago this tree flowers in winter. I saw in December the 
trees all in full blossom. Mr. Naxanara collected unripe seeds in Feb- 
ruary. The specimen collected by Mr. Namuxi at the end of March was 


still immature. He could obtain the ripe seed first In July. 


Description of the Fibre. 


The fibre which I am going to describe under the name of “root- 
cotton” is the derivative of the root of Magara integrifoliola. Over the 
whole surface of the root system, with exception of slender, one year 
old roots, the fibre is produced abundantly running radially to the long 
axis of the root and forming such loose bundles as of silk fibres or 
asbestos (Figs. 1, 2, 5-7). The bundle can be easily torn off with the 
fingers into separate fibres. The quantity of this cottony fibre pro- 
duced from one root varies with the age of the latter; in an old thick 
root it attains a considerable thickness, but the outer older portion of the 
fibre in direct contact with the. surrounding soil is decaying successively 
and, according to the rate of decay and of the growth of the fibre, the 
thickness cannot be constant in the roots even of similar size or the 


same age. The thickest layer which I have obtained from an old root 
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was 6 cm., discounting the outer half-decaying portion. The whole mass 
of the cotton is easily stripped off from the hard, living cortex of the 
root, leaving a clean and apparently uninjured surface (Fig. 3), and 
thus no sign can be observed that the spoliation would interfere with the 
activity of the root. 

The fibres consist of separate filamentous rows of exceedingly thin- 
walled, empty, and elongated cells (Fig. 14). The diameter of the con- 
stituting cells is nearly uniform, measuring 25 y in average, but their 
length varies considerably according, perhaps, to the conditions of the 
root, some attaining to 250 y, while others being nearly isodiametrical. 
Each fibre is interrupted at certain intervals by a varying number of 
thick-walled, light-yellowish, compressed cells (Fig. 15). These cells, 
lying at equal height in all fibres, are all connected with each other side 
by side and form a node-like constriction to the bundle. In a transverse 
section of the root such cells are found to arrange in concentric rings 
(Fig. 6). The fibres are not often separated easily and are broken at 
this portion in tearing. 

The fibres are light straw-coloured and have a silky lustre. They 
are exceedingly fine, soft and weak, and may be easily pulverised between 
the fingers into a fine waxy powder. On this account they cannot he 
used for spinning. In compact mass they are more elastic than cotton 
wool (Gossypium). The most remarkable qualities, by which the root- 
eotton may be distinguished from other vegetable fibres, are its wnwet- 
tability and less hygroscopy. When a bundle of the fibres is put on 
the surface of water, it floats forever, and if immersed in water, driving 
the air out of the fibres by pressing them with the hand, it soon comes on 
the surface without being penetrated by the liquid, while the commercial 
cotton wool treated similarly is wholly saturatcd with water and sinks 
down sooner or later. A piece of cobalt paper (cobalt chloride) wrapped 
in the root-cotton does not discolour in a few minutes when immersed in 
water, though one wrapped in cotton wool reddens in the same interval 
of time. Further, while in the latter case, after one day, the paper is 


found saturated with water, in the former it is simply moistened and 
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discoloured. From this experiment we see that the moisture may pe- 
netrate the cotton fibres through the air interstices between them, but 
no water is absorbed by a capillary action as in cotton wool. 

Under the microscope we observe that the cell wall is absolutely 
impermeable to water, so that the fibre immersed in water leaves the 
cell cavity quite vaeant. It does so also to aleohol, xylol, and ether; 
unless heated, the air in the cavity is not replaced by them. 

To compare the absorptive power of moisture in the root-cotton and 
the commercial cotton wool, I placed a nearly equal mass of them in a 


moist chamber and in a steam steriliser, and the following result was 


obtained: 


Water absorbed in percentage by weight. 


In a moist chamber In a steam steriliser 
for a week (max. ' for 3 hours ; left in 
temp. 22°C). till the next day. 
Reotecotton> ema: Siete toe elc oahG. Dean mere Peat ak: Dike «tee Chal 
Cotton erodes serait «rsvp aOR we eee ieee cae Eee 20S 


Thus when calculated in percentage by weight, the root-cotton is 
more hygroscopic than the commercial cotton, IJowever, it must be noted 
that the specific weight of the root-cotton is much smaller; when the 
equal bulk of a compressed mass is compared, the commercial cotton 1s 
twice as heavy than the root-cotton. So that, an equal mass being taken 
into comparison, it is found that the latter fibre is less hygroscopic than 
the former. 

As to the chemical nature of the wall the fibre gives the following 
reaction towards several reagents. In the experiment, cork tissue, cotton 
wool, and wood-fibre were used, when necessary, for control. 

1. Phloroglucin+ HCl: reddish violet colouration is very clear as 
in the cork tissue from Quercus variabilis and Q. suber used for control. 

2, Aniline sulphate: yellowish colouration. 

3. Todine and sulphuric acid: orange brown or orange colouration. 
4, Caustic potash: light yellowish colouration. 


5, Teated in a concentrated solution of caustic potash the wall is 
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insoluble. After washing with water chlorzinc-iodine solution gives blue 
colour. 

6. Concentrated sulphuric acid: blackens but insoluble. 

7. Concentrated nitric acid: soluble when heated. 

8. Concentrated chromic acid: soluble in ordinary temperature. 

9. Copper oxide ammonia: insoluble. 

10. Alkanin solution in 50% alcohol: faintly coloured like the cork 
tissue, : Sac and 

11. Sudan TIT (treated according to Kiistrr): faintly coloured. 

Tt follows from these results that the wall of the fibre consists essen- 
tially both of lignin and suberin, and the unwettability is due to the 
suberisation. It may be noted, however, that the thick-walled cells in 
the filament of each fibre do not show any lignin reaction, being composed 
chiefly of corky substance. On the whole, the root-cotton is a homo- 


logous tissue to the ordinary cork developed on the bark of trees. 


Application. 


This peculiar cotton has long been familiar to some of the natives 
and is used by them for certain purposes. The natives of Botel-tobago 
are acquainted with its unwettability and use it largely as an indispens- 
able material for building boats. Since the instrument in preparing 
the boards for the boat is only a small axe made by themselves, it is not 
easy to make the connecting sides of the boards so smooth as can be done 
by means of a plane. Tokeep, therefore, the boat water-tight they 
eaulk the seams with this cotton fibre. During my visit to the island 
I could watch personally the building of a boat, and saw a large quantity 
of the cotton stapled for this purpose. 

It is not yet known whether the cotton is used by the natives in 
the Philippines for such purpose. But that they find a certain applica- 
tion for it was ascertained by the kind information of Mr. Merrriiv: 
according to him, the cotton is used in Mindoro Tsland for stuffing 


pillows. 
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Tt would be quite natural to find that with the natives of the tropics 
the application is highly restricted owing to their simple mode of life. 
To civilised people, however, the properties possessed by the cotton will 
suggest further uses. As the principal character of the root-cotton is 
comparable to the cork bark from the cork oak, which everywhere is 
now largely used for technical purposes, it will possibly become, by 
further studies, an important material for industry. JT am sure that the 
unwettability and lower hygroscopy make it suitable as a substitute of 
cotton wool or other fibres as stuffing or wadding material. The pressed 
sheet of this cotton may be further substituted, for certain purposes, for 
the cork plate or sheet. 

To prepare the refined cotton we have simply to remove the soiled 
particles attached to the outer surface of the raw material, and, if 
necessary, to bleach it. The cotton, unlike the ordinary cortex of roots, 
is less spoiled by the soil, and is easily cleaned after drying or washing 
with water. Considering the inexpensive process of cleaning and the 
less laborious gathering in, IT am inclined to the view that the root- 


cotton may become an important forest product in the tropics. 


Development of the Root and the Fibre. 


The youngest portion of the root is comparatively thick, measuring 
1.5-2 mm. in diameter, and has apparently a smooth surface (Fig. 1). 
The root-hairs are quite wanting. The epidermal cells protrude into 
papillae, whose outer wall, however, being verrucosely thickened, appears 
incapable of allowing, or at least making very difficult, the passage of 
soluble matters from the outside (Fig. 10). 

Immediately below the epidermis the exodermis is developed which 
consists of one layer of the thick-walled cells (Fig. 10 ea). The thicken- 
ing of the wall takes place mainly on the outer and lateral sides, leaving 
the inner side unthickened. Between the exodermis and the central 
cylinder there are large, round parenchymatous cells of the primary 


cortex, Most of them are inhabited by a mycorhizal fungus. In the 
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endotrophic mycorhiza we find connecting hyphae passing through the 
epidermal cells into the soil. The endodermal cells are thin-walled and 
provided with Caspary’s dots (Fig. 10 e). The central cylinder consists 
of 7-9 vascular strands surrounding a central pith with lignified wall 
(Fig. 10 m). A group of 2-3 sclerenchymatous elements is developed 
later accompanying each phloem portion (Figs. 11, 12, sc). 

At a later period of the vegetative season, or at the beginning of 
the next, the phollogen arises from the pericycle (Fig. 11 ph). It pro- 
duces towards the inside loosely arranged phellodermal cells (pd) and 
towards the outside cork-cells of a tabular shape (c). The latter cells 
are afterwards stretched out in longitudinal direction, while each radial 
row of them is detached from each other along the longitudinal wall, 
and thus gives rise to a separate fibre (Fig. 13). The elongation of the 
cells is usually less in younger than in older roots. The root-cotton 
developed in this manner shows, like the cork bark, an alteration of longer 
thin-walled with compressed thick-walled cells which unite laterally 
and form a node, as noted above, on the fibre-bundle (Figs. 5-7, 18, 17). 
However, it does not mark regularly annual growth. It appears to me 
that the thick-walled layers are formed repeatedly in each vegetative 
period as may be seen from Fig. 17, which shows the cotton fibre 
developed on a two year old root. Still I am of opinion that the forma- 
tion of this layer is more or less connected with climatic conditions, for 
in the material collected by both Mr. Naxauara and myself, all in the 
winter months, the innermost layer of the cotton consists, in almost all 
parts, of the thick-walled cells, which attach, when the cotton is stripped 
off, to the surface of the root. Their compact arrangement can certainly 
perform a protective function towards the naked cortex (Fig. 3). In 
the specimen collected at the end of March I observe the beginning of 
formation of the thin-walled tissue under them. 

In the whole mass of the cotton taken from an old rvot no interposed 
dead remnant of the cortical tissue is found. This points out clearly 
that the phellogen can be active for a long time. However, after the 


removal of the primary cotton, the cortex, if it is covered with soil, 
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produces at a certain depth from the surface a secondary phellogen which, 
after developing exceedingly thick-walled cork-cells, develops the cotton 
as before. Thus we can harvest the cotton annually or every few years 
from the same root. It is stated by the natives that a too old root will 
gradually produce a smaller amount of the cotton, Thus, with regard to 
the mode of development, we find strict agreement between the root- 
cotton and the cork bark from the cork oak. 

The development of the cotton seems to depend in great measure upon 
the condition of the root. The less vigorous root produces a less amount 
of the cotton and of bad quality on account of its being a compact mass 
intermixed with many layers of thick-walled cells. The cotton of such 
kind gives often a texture as of the common cork bark. We see also on 
the same root a vigorous or less vigorous development in different years 


according perhaps to the environment or inner conditions. 


Structure of the Cortex of the Stem. 


The anatomical study of the root, having shown the general 
sinilarity of the cotton to the root bark, gives us an impetus to compare 
the stem and the root of this tree regarding the bark formation. It is 
observed that numerous longitudinal fissures appear on the surface of 
branches already in the same year they developed, and cause the 
epidermis to die assuming a dark brownish colour. The wound thus 
produced becomes covered with light yellowish cork tissue, forming most 
apparent stripes running longitudinally over the surface of the branch. 
In appearance this cork tissue does not differ from that developed in 
lenticels which are found usually on fissures. The microscopical exami- 
nation shows at once that the development of these cork cells in the stem 
goes on quite similarly as in the root. In the very young stem, as for 
instance, of a seedling, the periderm is already formed under the 
epidermis, which consists essentially of the thin-walled cells. But the 
first few layers of the peridermal cells developed on the cortex in the 


youngest branch of an old trunk consist of cork-cells having rounded 
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apices and a yellowish wall exceedingly thickened on the upper and 
lateral sides, often so much as to leave the cell cavity as a slit (Fig. 16). 
These cells are followed by thin-walled tabular cork-cells, phellogen, and 
phelloderm successively. On the fissure, however, no such thick-walled 
cell-layers precede the thin-walled ones; the phellogen produces direct- 
ly the latter which are somewhat elongated and easily separated 
laterally from each other. These cells may correspond exactly in struc- 
ture to those of the root-cotton. The only difference is that the cells on 
the fissure do not elongate into filamentous rows and form rather a 
pulverous mass. The structure of the lenticel is quite typical and the 
complementary cells have essentially the same structure as the cork-cells 
appearing on the fissure. They are usually interrupted by the closing 
layers which are continuous with the periderm and are composed of 
thick-walled tabular cells just as those in the root-cotton (Fig. 18). 

Thus we see that the root-cotton is strictly homologous to the cork 
tissue developed on the lenticel or the fissure. The former is only 
characterised by the massive development and by the longer constituting 
cells. 

A closer affinity to the root-cotton is afforded by the wound cork 
on the stem. When the cortex is wounded in wide extent, the tissue on 
the exposed surface dries up. Under this dead tissue arises the cork 
cambium from the uninjured cells and derives vigorously cork-cells 
outside, which upheave the overlying dead tissue and come afterwards 
in sight as a soft straw-coloured coating (Fig. 4). It may often attain 
to 3-4 mm. in thickness and appears more fibrous than the same tissue 


arising from the fissure, but far less so than the root-cotton. 


General Remarks. 


The root-cotton is a kind of cork tissue derived from the cork 
ecambium which arises primarily from the pericycle or secondarily from 
the secondary bast of the root. Histologically, no essential differene 


exists between the root-cotton and the cork tissue normally developed on 
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the aerial axial portion, Jlowever, so massive a production of such 
tissue on the root leads us to inquire as to what function does it perform 
on the organization of the root system? At first sight it may be referred 
to some extent to certain kinds of tissues which have already been des- 
eribed by several writers in plants under special conditions. ScuEncK 
(’89b) gives a full account on the histology and physiology of the 
acrenchym. He states that it is of a wide occurrence in water- and 
marsh-plants, and he regards it as an apparatus especially adapted for 
respiration, the activity of which cannot be maintained otherwise. There 
oceurs in the respiratory or aerating roots of certain Mangrove-trees a 
spongy tissue which, having special aerating passages, may be considered 
as performing a similar function (Scuenck, ’89a; GOEBEL, 786, 789; 
Karsten, 91). Further, the pneumathodes (Jost, *87) of a lenticel- 
like structure often developed in roots, either submerged or in a swampy 
soil, may also be included to the category of respiratory apparatus. 
Karsten (791) proposes to call all these similarly functioning tissues 
or organs by the name of “pneumatophores.” According to Wirver (798) 
the submerged roots of certain trees develop protuberances which are 
homologous to lenticel, but differ from it in origin of the composing cells, 
being derived under the cork cambium, Although in the arrangement 
of cells the root-cotton resembles closely the aerenchym, the structure of 
the cells diverges widely: in the aerenchym they are invariably living, 
containing protoplast and cell sap, and having an unsuberised thin wall, 
but in the root-cotton they are dead, containing air inside the lignified 
as well as suberised wall. These characters show rather a close affinity 
of the root-cotton to the pneumathodes (GoxseL, 91; ScuEmncx, ’89b). 
Thus, viewing it from the anatomical features, the root-cotton is not in 
exact coincidence with any tissue above referred to. Physiologically, 
however, we find a certain relationship, since the unwettability, leaving 
the air space inside, enables it for gaseous interchange. Yet we are far 
from being able to prove conclusively that it is really called forth into 
existence with such a respiratory function. For, the surrounding medium 


is widely different from that to which the occurrence of the above named 


a eae cara 
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tissues is chiefly due. As far as was ascertained by myself in Botel- 
tobago, Fagara integrifoliola is one of the usual forest trees, and in spite 
of an abundant rainfall throughout the year and constantly moist climate, 
its root system, spreading out near the surface of the ground in slopes, 
appears to be so sufficiently aerated as to demand no special respiratory 
apparatus, in contrast to the plant organs in water or swampy soil. On 
the basis of the fact that quite a similar tissue oceurs ordinarily in 
wounds or lenticels on the aerial axes, the root-cotton should be rather 
regarded as a peridermal tissue, proper to the axial portion of this tree, 
and without any special biological significance in connection with the 
function of the root system. Admitting that it is histologically homo- 
logous to any or all of aerenchym, pneumathode, the tissue of respiratory 
roots, and protuberance of submerged roots and stems, T have a strong 
inclination to agree with Wrerrr’s view (798) regarding its true funec- 
tion. In all probability the root-ecotton may perform no other physiolo- 
gical function than that it behaves as a bark, being merely promoted for 
development by the stimulus of the surrounding medium, as announced 
by Wreter in his discussion on aerenchym and pneumathode. In this 
connection moisture seems to play an important part. The fact that, in 
the lower portion of the stem nearest to the ground and kept constantly 
moist, the development of this tissue is often more vigorous than in the 
upper portion, may lend support to this view. 

Apart from the biological and physiological problems attached to 
this tissue, it may now he concluded that it is of an economic value for 
us. At least it can be substituted for cotton wool as stuffing or wadding 
material. The value of the root-cotton may be chiefly in its unwettable 
and less hygroscopic quality. Further, compared with the common cotton 
plants, the planting of this tree and the gathering of the fibre appears 
to be less expensive, At any rate it must be remarked that this interest- 
ing tree may become to foresters the subject of study from an economical 


point of view. 


June, 1911. 
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EXPLANATION OF PLATES. 
PLATE VI. (2735) 


Fig. 1. Young portion of the root system already producing the root-cotton, except 
the youngest branches. 

Fig. 2. A piece of a thick root covered with the massive cotton fibre. 

Fig. 3. Another piece of the same root deprived of the cotton. 

Fig. 4. A stem showing the development of the cork tissue on fissures and the 
wounded surface (upper side in the figure) of the cortex. 

Fig. 5. Transverse section of a_young root. 

Fig. 6. Transverse section of an old root. 

Fig. 7. A thick layer of cotton fibres taken from an old root. The upper side in 
the figure corresponds to the inner layer of the cotton. 

Fig. 8. Separate bundles of the cotton fibres. 

Fig. 9. Refined cotton fibres. 
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PEATE VII. 


6, bast. ¢, cork-cell cf, cork fibre. 

cf, thick-walled cork-cell. ¢, endodermis, ep, epidermis, 

ex, exodermis. m, pith. Dp, pericycle. 

fd, phelloderm. ph, phellogen. pr, primary cortex. 
se, sclerenchymatous cell. v. phloem. 


lig. 10. Transverse section of a very young root with endotrophic mycorhiza. x 150. 

Fig. 11. ‘Transverse section of the cortex of a young root, showing the beginning 
of the formation of the cotton fibre frnm the pericycle. 300. 

Fig. 12. Transverse section of a young root, showing the development of the cotton 
between the primary cortex and the central cylinder. x12. 

Fig. 13. Transverse section of a two year old root, showing the development of 
the cotton fibre from the phellogen. x 150. 

Fig. 14. Separate cotton fibres. x 100. 

Fig. 15. Compact thick-walled cells in the fibres. x 100. 

Vig. 16. ‘Transverse section of the cortex of the stem, showing the development of 
special cork-cells under the epidermis. x 300. 

Fig. 17. Transverse section of a young root, showing the cotton traversed with 
layers of thick-walled cork-cells. 


Fig. 18. Lenticel on the stem in longitudinal section. 
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Cytological and Experimental Studies in Citrus. 


BY 


I. Osawa. 


With Plates VII—XITI and one Text-Figure. 


Fertilization is almost always indispensable for the production of fruits 
and seeds, except in certain parthenogenetic plants. In a few cases, how- 
ever, plants may normally produce their seedless fruits without pollination ; 
such process is, as is well known, what Norn has first called “ Partheno- 
karpie”’ or “ Jungfernfruchtbildung.” Parthenocarpy occurs not rarely in 
cultivated plants and has been a well known fact for a long time. KErRNER 
(27) informs us that in the Botanical Garden of Vienna pistillate flowers of 
Obione halimifolia produced seedless fruits every year without pollination. 
MULLER (33) observed the same phenomenon in Hedyosmum. Tt is stated 
also by Kircuner (28) that the medlar (Mespilus germanica) may produce 
seedless fruits, if pollination is prevented artificially. The same phenomenon 
was found by Munson (35) in egg-plants and cucumbers, described by 
Tamar (45) and recently studied by WerrstErs (53) in Diospyros Kaki, 
found by Kumacat (29) and studied by Ixepa (24) in certain Citrus species ; 
quite recently Ewrrr (10, 11, 12) found also parthenocarpy in apples, 
pears, currants, ete. Besides these, banana, pine-apple, and a few others 
are said to produce fruits parthenocarpously. 

The “ Washington Navel Orange” and “ Unshu,” which are well known 
varieties of Citrus, are most prominent examples which naturally produce 
seedless fruits. According to Ikrepa (24), notwithstanding the fact that 


pollen grains of these varieties are incompletely developed and _ sterile, the 


(Jour. Coll. Agric. Vol. IV. No. 2, 1912.] 
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fruit may be perfectly developed, but with no seed. As these conclusions of 
IkeDA are based solely upon field experiments, the morphology and cytology 
of these Citrus varieties are quite unknown. 

In my present investigation, I intend to trace out at first the develop- 
ment of pollen grains and embryo-sacs of Citrus in general; then to study, 
whether some irregularities or anomalies may occur in the same processes of 
«“ Unshu” and “ Washington Navel Orange,” and to determine how such 
abnormal conditions were brought about; and finally to study the relation 
existing between such irregularities, sterility and parthenocarpy. 

Before proceeding further, I have here to express my sincere gratitude 
to Professor Hara and to Messrs. C. Tanaka and T. ToGasHi, who have 


kindly supplied me with material, ete. 


Materials and Methods. 


My investigation is made mostly on ‘“ Washington Navel Orange” 
(Citrus Aurantium Li.) and “Unshu” (C. nobilis, Lour.). As both are sterile 
and parthenocarpous, I have examined for the sake of comparison “ trifoliate 
orange” (C. trifoliata, .), “Natsu-mikan” (C. Bigaradia DuHuM. var. 
sinense G.) and “Asahi” in a few stages; for the embryo- and endosperm- 
formation trifoliate orange was chiefly used. The greater part of the 
material was collected in the spring of 1910—1911, in the orchard of 
the Horticultural Department of the Agricultural Experiment Station of 
Kanagawa-Ken at Ninomiya, small collections having also been made in 
several districts in 1909—1911. All materials of trifoliate orange were 
collected in Komaba. 

Several fixing reagents were employed, but fur very young pistils and 
stamens, FLemina’s solution and chromo-acetic solution have brought out 
pretty good results. For ovaries, especially for older ones, acetic-aleohol and 
Carnoy’s fluid were more satisfactory. Before ovaries were dipped into the 
fixing fluid, both ends of the ovarian wall were carefully cut away to make 
the contact of the ovule with the fixing fluid easier. In older stages it is 
sometimes necessary to remove their walls wholly or partly, because the 


thick wall of the ovary becomes so hard after dehydration, that it is almost 
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impossible to make thin sections. After remaining in the solution about 24 
hours these materials were washed in running tap water from 12 to 24 
hours, dehydrated with aleohol, and imbedded in paraffin through chloroform 
as usual, 

With acetic-alcohol and Carnoy’s fluid, materials were treated for only 
15—20 minutes and then washed with alcohol. 

Sections were 5—15 yp in thickness. For staining, FLemmina’s triple 
stain and HrmENHAIN’s iron alum-haematoxylin gave most. satisfactory re- 
sults. “For the study of embryo- and endosperm-formation DELArm.p’s 


haematoxylin was sometimes better. 


Development of the Flowers. 


The earlier stages of the flower development were studied in ‘ Unshu” 
and “ Navel Orange.” As they were similar to each other, except the differ- 
ence in the number of stamens and earpels, the description given below 
applies to both, unless the contrary is stated. The earliest stage observed 
by me is shown in Figs. 1 and 2, in which all parts of the flower are 
already visible. The outermost protuberances on the receptacle are five 
sepals, of which some may sometimes fuse to each other. Next come the petals. 
In this stage both sepals and petals are pretty well developed, overlapping one 
within another. Within the whorl of these young petals we see a variable 
number of papillae. In “Unshu” there are eighteen or more. These repre- 
sent the beginnings of stamens. The innermost whorl is represented by : 
number of carpels which enclose a cavity with a hemispherical protuberance 
(pt) arising from its base. At this stage the cavity is not yet closed above, 
and since the thickness growth of the carpellary wall is not equal throughout 
its whole extent, a number of protuberances are produced. ‘Though the 
number of these foldings or carpellary leaves is also more or less variable 
as in the case of stamens, yet we may count generally ten or more in 
“Unshu” and twelve or more in “ Navel Orange.” 

A somewhat later stage of the floral development is shown in Figs. 
3-6, where we see that among others the pistil is especially developed. 


The lamellar protuberances in the inner surface of the ovarian wall become 
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more prominent and the inner edges of these protuberances begin to 
fuse into one another, and also with the central protuberance (pt) of the 
flower. Thus a number of small loculi are formed in the basal part of the 
pistil. In the upper portion of the carpel, which is destined for the future 
stigma and style, though the lamellar protuberances are in contact, yet they 
do not fuse into one another and leave a broad central cavity (Figs. 7, and 
8). At the same time the placental outgrowths arise from the inner side of the 
ovarian cavities, as lateral outgrowths of the central protuberance. The ovary 
in the next stage is shown in Figs. 8-14. In Figs. 9-14, six parallel cross- 
sections obtained from different heights of one ovary are shown. At this 
stage each oyule begins to appear on the surface of the placenta as a small 
protukerance and gradually protrudes into the cavity (Figs. 15-21), each 
ovarian cavity producing two rows of ovules (Figs. 13, 14 and 21). In their 
young stage, there is no indication of the archesporial cell. Just before the 
primordia of the inner and outer integuments make their respective appear- 
ance, the growth of the young ovule becomes unequal at its different sides, 
so that the apex of the ovule begins to bend upwards (Fig. 16), till finally 
the anatropous ovule is formed (Figs. 15-21). The mode of development of 
the ovary in “ Navel Orange” is very similar to what has just been stated 
about “ Unshu,” but the formation of protuberances in the inner surface of 
the ovarian wall and that of protuberances at the base of the ovary take place 
somewhat more irregularly. This can very easily be seen by comparing the 
longitudinal and parallel cross-sections shown in Figs. 23-30, with the 
corresponding stages of “ Unshu”’ (Figs. 8-14). The carpellary leaves fuse 
gradually into one another as in “ Unshu,”’ here the mode is somewhat different, 
inasmuch as new loculi are formed inside and up the original ones (Figs. 
31-35), so that we see now two concentric rows of loculi in the upper 
portion of the ovary (Figs. 32, 35). They develop subsequently into the two. 
rows of juice sacs and produce the “navel” appearance at the apex of the 
fruit. In these inner and new loculi ovules may appear immediately, 
though they are more or less irregularly shaped and variable in size (Fig. 35). 

During the development of the ovary, that of the anther goes naturally 
together with it. At an earlier stage, when the carpellary cavity remains. 


open aboye, the anthers become already round and much enlarged, and when. 
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the ovule appears as a small protuberance the microsporangia of each anther 
are already discernible. Whereas the inner and outer integuments of the 
ovule are not yet differentiated, the microsporangia have already the well 
marked tapetum as well as the pollen-mother-cells, which are then in the 
resting stage. When the primordia of the inner and outer integuments of 
the ovule have appeared, the pollen-mother-cells are already in the anaphase 
of the second nuclear division or even in the tetrad stage, and when the 
megaspore-mother-cell is in the synapsis, pollen grains are already formed. 
So that when the flower just opens, the megasporangia are generally yet only 


two- or four-nucleated, while some do not reach even this stage. 


Microsporangium. 


The location of the archesporial cells is indicated by the slightly greater 
size of their nuclei as well as by their staining behavior towards the stain- 
ing reagents. Later the differentiation of the anther-tissue into the epider- 
mis, the middle layers, and the sporogenous cells takes place. At first there 
is no distinction of definite sporogenous cells and tapetum (Figs. 37 and 
38), but soon the tapetal cells become distinguishable from the pollen- 
mother-cells (Fig. 39). In Citrus it appears that the tapetum is derived 
from the original sporogenous cells and that the cells of the middle layers 
never contribute to the formation of the tapetum; this is clearly seen from 
the number of the middle layers and from the difference of shape and 
character between the cells of the latter and of the sporogenous tissue. 
The number of the middle layers is generally about three in “ Unshu”, 
and in “Navel Orange” often more. That the original sporogenous cells 
contribute to the formation of the tapetum is maintained by many authors, 
among whom we may mention Wyiim (54) (/lodea), Webs (52) (Astilbe), 
Lanp (30) (Ephedra), Counrer (7) (Ranunculus) and Scuarruck (41) (U/mus). 
In the majority of cases the tapetum is one-layered, but sometimes 
two- or more-layered in some places, and is irregularly shaped, especially 
in “Unshu” as well as “Navel Orange’? (Fig. 93). Every tapetal. cell 
contains one large nucleus at first, but before the pollen-mother-cells reach 


the synapsis stage, the nuclei divide once mitotically, so that it contains 
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two nuclei. Though this two-nucleated condition of the tapetal cell persists 
for some time, very irregular nuclear divisions soon follow and each ° tapetal 
cell becomes polynucleated and these nuclei form often closely aggregated 
masses (Figs. 95, a@ and b); similar cases are seen in the figures of BEER (2) 
Gates (17) and Trscuter (50). In many cases, the tapetum persists until 
the pollen-erains nearly assume their definite shape and. then begins to 
disintegrate. 

The pollen-mother-cells in the resting stage are easily distinguished 
from the tapetal and other adjoining cells by their larger size, their large 
nuclei, and their reaction towards stains. The nucleus then contains one 
large nucleolus and delicate linin net-works, with many scattered chromatin 
eranules, which are irregular in shape, and the cells are densely filled with 
eytoplasm (Fig. 40). Shortly afterwards the nucleus reaches the so-called 
synapsis stage and then the delicate linin fibres contract gradually, accom- 
panied by the chromatin granules scattered upon them, thus finally separat- 
ing from the nuclear wall. When the contraction has proceeded somewhat, 
the chromatin granules and linin-fibres increase in density, until there is 
formed a deep staining irregular mass (Fig. 41). The synapsis stage seems 
to last for a comparatively long time. The synaptic ball then again loosens 
itself gradually, thus spinning out a spirem thread, which now lies loosely 
in the nuclear cavity (Fig. 42). Though I have carefully examined a number 
of sections in this so-called dolichonema stage the double thread has never 
been observed. The spirem shortens and thickens gradually and then seems 
to divide transversely into a definite number of chromosomes. In the earlier 
stage of their division, some of them are yet connected by delicate linin 
fibres to one another (Fig. 43), but soon afterwards such fibres become faintly 
stained and then disappear (Fig. 44). The chromosomes thus produced now 
arrange themselves in pairs and appears sometimes more or less irregular in 
form and variable in size, but the details in this respect were not studied. 

This so-called “ diakinesis ” stage is most satisfactory for the study of 
numher of chromosomes. A number of counts shows it to be probably eight 
for the gametophyte in “Unshu.” At this stage one or sometimes two large 
nucleoli are yet visible, but stain feebly. Soon after both the nuclear wall 


and the nucleoli disappear and the spindle fibres begin to appear. I have 
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noticed the formation of the tripolar spindle (Fig. 46), which, however, seems 
to become soon bipolar (Fig. 47). 

The chromosomes which distribute irregularly in the periphery of the 
nuclear cavity are drawn now towards the equatorial part of the spindle. 
The latter is long and narrow and pointed at both poles. When the con- 
traction of the spindle-fibres occurs, the daughter chromosomes in the 
equatorial plate begin their travel towards the poles. In the prophase of the 
first division I counted again the number of chromosomes in the polar view 
(Fig. 48), and found them to be eight for the gametophyte as in the dia- 
kinesis stage. The chromosomes in the somatic cells, as in the nucellus cells 
show the number more than fourteen, probably sixteen. So it may be said 
that the first division of the pollen-mother-cell is the heterotypic and redue- 
ing one. 

After the daughter chromosomes reach the pole, the nuclear membrane 
and nucleoli appear and the chromosomes become more or less anastomosed 
(Fig. 50), but never enter into the true resting stage. This is very soon 
followed by the second mitosis. The two homotypie spindles, which are 
formed simultaneously (Fig. 51), are relatively long and narrow and contract 
towards the poles as in the case of the first mitosis; they are much smaller 
than in the latter case. The second division is the homotypic equation 
division as usual, when the daughter nuclei have reached the poles, the 
nuclear walls are formed around them and the nucleoli make then their 
appearance. Shortly afterwards cell-walls are formed simultaneously between 
these. daughter nuclei, thus producing the so-called tetrads, which are still 
enclosed within the wall of the mother-cell (Fig. 53). 

The tetrads grow gradually and round off, and then the wall of the 
mother-cell breaks down, setting the microspores free in the loculus of the 
anther. The pollen-grain now continues to enlarge and then the exine and 
intine are differentiated (Fig. 54). Before the dehiscence of the anther takes 
place, the nucleus of the pollen grain divides as usual, forming the genera- 


tive and the vegetative nucleus (Fig. 55). 
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Megasporangium. 


When the young ovule has reached the stage shown in Figs. 16 and 56, 
a hypodermal cell having archesporial character is already distinguishable 
from the adjacent cells, owing to its larger size as well as its larger uncleus. 
When the primordium of the inner integument makes its appearance, this 
hypodermal cell divides into two by means of a periclinal wall. The outer 
or micropylar cell resulting from this division is the “tapetal cell,’ from 
which a larger portion of the ovarian wall is subsequently produced. 

The formation of tapetal layers seems to go, to some extent, parallel 
with the development of the megaspore-mother-cell. For example, the former 
is found very often in the three-layered condition, while the latter is in the 
synapsis ; further the former is five- or more-layered, while in the latter four 
megaspores are produced. The further development of the tapetum proceeds, 
till it becomes eight- or more-layered (Figs. 70 and 73). So the embryo-sae 
is now seated pretty deeply in the nucellus tissue, as found also in 
Potamogeton (23), ete. 

The inner daughter cell, which is produced by the periclinal division 
of the archesporial cell and is the incept of the megaspore-mother-cell, 
grows rapidly, especially in length, and already before the first nuclear 
division it becomes several times larger than it was originally, and then it 
is entirely filled up with cytoplasm. Though two or sometimes more megas- 
pore-mother-cells are often visible in Citrus yet only one of them 
develops into the functional embryo-sac. More than one megaspore-mother- 
cell in one ovule seem not to be of rare occurrence. For example, BowEr 
found such in the Amentiferae, Ranunculaceae, Rosaceae and others, GUIGNARD 
in Ornithogalum, BERNARD (4), COULTER and CHAMBERLAIN (8), and FERGUSON 
(14) in Lilium, Pace (31) in Calopogon. 

The nucleus of the megaspore-mother-cell passes during its period of 
growth through the stages almost identical with those described in the 
development of the microsporangial archesporium. In the resting stage, 
the large nucleus has a large nucleolus and fine linin networks, along 
which numerous chromatin granules are scattered (Figs. 58 and 59). When 


the nucleus approaches the synapsis, linin is massed together at one side 
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of the nuclear cavity, and when the contraction proceeds further, these 
chromatic substances aggregate into a single ball, which stains deeply as in 
‘ig. 61. After somewhat long duration of the synaptic stage the ball 
begins to loosen gradually and finally produces the spirem ribbon. The 
latter now becomes short and thick and then develops into the chromosomes, 
which are clearly distinguishable from one another, just as it was the case 
in the pollen-mother-cells. Shortly afterwards the heterotypic spindle makes 
its appearance ; it is placed longitudinally, being parallel to the axis of the 
ovule, but sometimes more or less obliquely. In this stage the exact count- 
ing of the number of chromosomes is almost impossible on account of their 
too close aggregation on the nuclear plate. But very probably there are 
not more than eight, so it is scarcely doubtful that the first division in 
the megaspore-mother-cell is the reducing one. 

At the anaphase of the first division the daughter chromosomes ag- 
gregate closely at both ends of the cell and become more or less anastomos- 
ing (Fig. 65). I could not observe the second mitotic figures of these 
daughter nuclei; in the next stage examined by me, there was already a row 
of four megaspores. At first these four cells are nearly equal in size, but 
soon after the following differentiation takes place. The upper or micropylar 
three cells show signs of disintegration (Fig. 67), the cytoplasm becomes 
denser and stains more deeply, the nuclei become less chromatic and finally 
lose their definite outline. 

The lowermost or chalazal cell, on the contrary, grows continuously at 
the expense of the upper three, which are gradually compressed and flattened to 
represent finally the more deeply stainable irregular masses at the summit of 
the lowermost functional megaspore (Figs. 67 and 68). Generally the degenera- 
tion of the upper three megaspore-cells is simultaneous, but occasionally it 
appears that the upper two disintegrate previously to the third one (Fig. 
69). Such irregularity takes place also in Apocynwn according to FryE and 
Briopererr (16). 

The process of the megaspore formation in Citrus takes thus place 
according to the usual manner, and a similar mode of development has been 
reported by many authors in the Rosaceae, Polygonaceae, Compositae, 


Tridaceae, Ranunculaceae, Liliaceae, ete. 
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The subsequent history of the megaspore shows no essential deviation 
from the ordinary process. The lowermost cell enlarges gradually and as the 
increase of cytoplasm does not accompany it, large vacuoles make their ap- 
pearance, as in Figs. 68 and 71. The two daughter nuclei produced by the 
first division move gradually towards the opposite poles of the sac and 
remain there until the next nuclear division begins (Fig. 72), Meanwhile 
the cell continues to grow, the vacuoles enlarge gradually, and the cytoplasm 
is now reduced to a thin layer in the periphery of the embryo-sae, except 
around the nuclei. When the two daughter nuclei have reached their de- 
finite size, they divide again almost simultaneously, thus producing four 
nuclei, which form two pairs, each situated at two extremities of the sac 
(Fig. 74). 

Shortly afterwards, these daughter nuclei again divide and eight nuclei 
are formed, which are situated bipolarly (Fig. 75). The four nuclei in the 
upper portion of the sac assume their characteristic arrangement and give 
rise to the egg apparatus as well as to the upper polar nucleus (Figs. 76 
and 77). The three nuclei in the lower part of the sac travel towards the 
chalazal region to form the antipodal cells. The lower polar nucleus is 
formed as usual. In Citrus, the egg apparatus occupies about one half or 
one third of the sae and the synergids lie side by side. In many cases 
each synergid has a large vacuole in its lower end and its very dense 
cytoplasm stains deeply. The oosphere protrudes down a little beyond the 
synergids and contains one large nucleus and more or less vacuolated 
cytoplasm. The polar nuclei soon move towards each other and may 
remain in contact for a long time near the lower end of the oosphere ; it 
seems that they fuse shortly before fertilization or even later. The matura- 
tion of the embryo-sae takes relatively Jong time as already mentioned, so 
when flowers open, the embryo sac remains yet in the -two- or four-nucleated 


stage and after a few days reaches the typical eight nucleated condition. 


Fertilization. 


Studies of the results of fertilization were carried on only in C. trifoliata, 


excepting the development of fruits. Fertilization appears to occur relatively 
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late after pollination. In 1911 at Komaba, trifoliate orange was in full 
blossom in the middle of April and in the material gathered after one or 
two weeks after blossoming I have never found embryo-sacs, where fertiliza- 
tion was already finished. 

Fig. 79 shows an embryo-sac from the material gathered on May 18th, 
where the ege nucleus is in the resting condition containing two large 
nucleoli, of which one is probably derived from the ege nucleus and the other 
from the male one; one synergid is yet intact, while the other is already 
disorganized on account of the penetration of the pollen-tuke, and a few 
endosperm nuclei are already visible. Thus it will be very probable that 
the fertilization had occurred not long ago in this ovule. If this is the ease, 
fertilization takes place perhaps about four weeks after pollination. A 
similar fact was observed by SrraspurcEer (44) in a certain Citrus. Further 


details about fertilization were not studied. 


Endosperm. 


After fertilization there occurs a great elongation of the embryo-sac 
and the oyule, accompanying the development of the endosperm. Fig. 79 
shows an embryo-sac, where already several endosperm nuclei have made 
their appearance. These nuclei divide almost simultaneously throughout the 
whole length of the sac and they are scattered in the cytoplasm, which 
makes now a thin layer in the inner periphery of the sac (Fig. 83). This 
stage with free nuclei persists for a compartively long time. Fig. 85 
shows an embryo-sac, got from the material collected on June 18th, where 
the cell wall of endosperm tissue is already developed in the upper portion 


of the sac. A great vacuole is there yet to be seen in the center. 


Embryo. 


The oospore remains dormant for a relatively long time. In 1911, 
though fertilization bad taken place in the middle of May at Komaba, I 
found in the materials gathered at the end of May the oospore not yet 


divided ; and the two-celled or six-celled embryos were seen first in those 
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collected on June 12th. So it seems that the oospore remains dormant for 
about three or four weeks in general. Meanwhile the great development of 
the ovule, embryo-sac, and endosperm takes place, which is easily recogniz- 
able by comparing the ovule in Fig. 70 with that in Fig. 84. Both the 
first and second divisions of the oospore are transverse (Fig. 82). Fig. 84 
shows a six-celled embryo. The further development of the latter was not 
observed in detail. In Fig. 85 an embryo with a long suspensor is to be 


seen. 


Polyembryony. 


The phenomenon of polyembryony is very common in C. trifoliata. 
Since the mode of the development is nearly the same as described by 
STRASBURGER (43) in C. Awrantium in 1878, I will not describe its details. 
When the egg nucleus is yet dormant we see near the top of the embryo- 
sac a few large nucellar cells easily distinguishable from the adjacent 
nucellar ones by their larger nuclei, denser cytoplam, as well as_ their 
behavior towards stains (Figs. 80, 81 and 84). Some of them are pretty 
deeply seated in the nucellar tissue, thus for example two or three layers 
deep. Nearly at the same time with the first division of the oospore or even 
later these nucellar cells divide repeatedly and form a number of embryos, 
which are distinguished from the normal ones by their irregular shape and 
great variety in size, as well as by the absence of the suspensor. 

The number of the embryos formed in this way is of course variable, 
but four or five are the commonest and the embryo-sae containing only one 
embryo is rather rare. In one case I could count clearly nine embryos, 
which were irregularly shaped and very variable in size. 

Embryos derived from the nucellar cells are not rarely met with in plants. 
Besides Citrus, we find them in Munkia, Nothoscordon, Mangifera, Evonymus, 


Coclebogyne, Clusia, Opuntia, Alchemilla, and some others (8). 


Development of the Fruit. 


Fig. 86 shows a_ cross-section of a single loculus of “Unshu” after 
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blossoming, in which we see many small protuberances appearing on the 
inner surface of the ovarian wall. 

Parallel with the development of these protuberances, which are produced 
by the division of the innermost cells of the ovarian wall, rapid divisions of 
the cells seated near them take place, so that the protukerances grow and 
increase gradually in number (Figs. 88 and 89). They protrude into, and 
fill up the cavity tightly, thus forming the so-called “ juice-saes”’ of Citrus 
fruits. 

In “Navel Orange,” as already described in the preceding chapter, 
there occurs the multiplication of the number of loculi and carpels. These 
new carpels protrude into the central part of the fruit, so that the fruit is 
stretched out and finally split up in its upper portion, and moreover some 
of these carpels protrude out beyond the top of the fruit. Such irregularity 
in the form of fruits is sometimes the result of long and careful cultivation ; 
and we see a good example in tomato, e.g, the “Turk’s Cap Tomato,” 


which is sometimes grown as a curiosity (1). 


Seedlings. 


In trifoliate orange, the 
production of two seedlings 
from a single seed is very 
common. Both of them are 
sometimes equal in size and 
equally vigorous as in text- 
fiz. la, c, while in other 
cases one only is large and 
vigorous, the other being 
exceedingly feeble (Text-fiz. 
1b). One of these seedlings, 


of course, has keen derived 


{ from the vegetative cells. 
{ 
The case of the production 


Text-fig. 1. Seedlings of trifoliate orange (after 
a negative Tanaka). of three or more seedlings 
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from a single seed is rather rare, though a large number of embryos exist 


in the ovule, as mentioned before. 


Abnormities and Degeneration of the male Gametophyte of 


“Unshu” and “ Washington Navel Orange.” 


In the development of the microsporangium of “ Unshu” and “ Washing- 
ton Navel Orange,” there occur several irregularities. In “ Unshu,” 
as described in the preceding chapter, though the great majority of the 
pollen-mother-cells pass normally through the tetrad stage, this is not 
always the case and we see a few irregularities. 

Firstly, the sporogenous cells are not formed at all in some micros- 
porangial regions of an anther, which are filled only with parenchymatous 
cells so similar to those in the middle layers, that it is impossible to 
distinguish them from the cells of the latter tissue. This irregularity is very 
common in the anthers of “ Unshu,” and is limited to one or two loculi in 
an anther, while the adjoining loculi show the normal appearance as in 
Figs. 38 and 91, though sometimes in all of four loculi this irregularity 
may take place (Fig. 102). On account of this anomaly the anthers take 
very irregular forms, which naturally affect their subsequent growth. As 
shown in Figs. 38 and 91, all four lobes of an anther are always turned 
towards one side and give it the characteristic appearance, aS commonly 
met with in “Unshu.” The occurrence of these anomalies seems to be 
rather rare in sterile plants till now studied by various authors. 

Secondly, the number of pollen-mother-cells is very variable; in the 
well-formed loculus we may count nearly ten to twelve, or even sometimes 
more in a single cross-section, but occasionally the larger portion of the 
Joculus is occupied by the tapetal cells, with only one or two pollen-mother- 
cells and rarely it may even happen that in some sections we see the whole 
loculus filled up with tapetal cells, but with no pollen-mother-cells at all. 
It seems that the degree of such anomaly differs, to some extent, according 
to the flowers of different individuals, especially in those of different districts 


or climates. 
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Even in the normally developed microsporangium, some of the pollen- 
mother-cells as Well as the tapetum may be degenerated very early, when the 
mother-cell does not yet begin to divide. These cells then lose at first their 
turgidity and become more or less irregular in form; their nuclei and 
cytoplasm then begin to stain deeply, showing that the disintegration pro- 
cess has already set in. Such an early degeneration of mother-cells has 
also been observed in several sterile plants. Jurn (25) and TiscHLER (50) 
described in a sterile Syringa hybrid that degeneration may sometimes 
begin as early as the synapsis stage. In an Oenothera hybrid, GavrEes (17) 
also observed the same phenomenon. Cannon (5) has observed in a. sterile 
hybrid cotton that the disintegration takes place sometimes in the resting 
stage of the pollen-mother-cell. 

The cells produced by this degeneration form irregular bodies, which 
stain dark-red with safranin-gentian-violet-orange, and deep black with iron- 
alum-haematoxylin (Fig. 96); these bodies are sometimes scarcely visible 
when flowers open, being pressed up and consumed by the surrounding 
tissue (Fig. 97). Such an early degeneration of pollen-mother-cells is rather 
rare, for the mother-cells pass generally through the normal heterotypic and 
homotypie divisions. 

Some deviations are, however, then occasionally visible, for instance, I 
found sometimes in the loculus, besides normal pollen-grains, a few very 
small ones with correspondingly small nuclei. 

Thirdly, the travel of the chromosomes towards the poles sometimes goes 
on very unevenly. A similar phenomenon was observed by GarEs (17), 
Beer (2), Tiscu~er (50, 51) and by others. 

It must be also noted that the stages of development of the mother- 
cells are widely different in the anthers of one flower or even in the 
sporangia of one and the same anther. For instance, whereas in one 
microsporangium the mother-cells may be in the later stage of mitosis or 
even already divided to four, in the others of the same anther they may be 
yet in synapsis. In the different anthers of the same flower, the difference 
of the stages of development may sometimes be much wider than in the 
Oenothera hybrid studied by Gares (17). 


In short, however, it may be said that in the development of the pollen- 
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mother-cell in ‘“ Unshu,” there are far less irregularities than in the case of 
several sterile plants observed by many authors till now. For instance, 
JuEL, (25) and Tiscuter (50) found in sterile Syringa hybrids the amitotic 
division of the mother-cell-nuclei, the occurrence of multipolar spindles in the 
reduction division, and the scattering of chromatin granules in the cytoplasm, 
ete. In an Oenothera hybrid, Garrs (17) also mentioned similar abnormities 
taking place occasionally. Besides, BrEr (3), CANNON (5), RosENBERG (38, 
39, 40), Grecory (20), Tiscuter (48, 49, 50, 51), Nakao (37), and others 
announced several irregular phenomena, which occur during the development 
of the mother-cell of the plants. 

In the great majority of cases, the free pollen grains are produced in a 
normal way in “ Unshu.” But then their disintegration continues up to the 
flowering time, so we may find many irregularly shaped pollen grains in the 
loculus of the anthers. For example, pollen grains differ widely in their 
size and shape. Some of them are very irregular in form and contain very 
little deeply staining cytoplasm, while others are very small and have 
very little or no contents at all, indicating that their development has been 
stopped at an earlier stage. Several other irregular pollen-grains are shown 
in Figs. 94, 106. Even in such degenerated pollen-grains the wall is 
generally well developed as in the hybrids of Syringa, Mirabilis and 
Potentilla. Sometimes we see in the loculi, instead of pollen-grains, deeply 
staining irregular masses, which are produced by the disintegration of the 
mother-cells during various later stages of their development. Such dis- 
integration of pollen-grains is not rare; for example, in sterile Syringa 
hybrid it was found that many pollen-grains become “ taub,” though the 
tetrad division was generally completed. According to Rosrnrera (38, 39, 
40), in Drosera longifolia var. obovata (D. longifolia x rotundifolia) the greater 
number of pollen-grains lose their contents in the later stage. 'TIscHLER 
(48) has observed that in sterile Ribes Gordonianum (Rh. aureumx Rh. 
sangineum) and R. Schneidert (R. grossulariax R. nigrum) the reducing and 
the homotypic division of the mother-cells are normal and cannot be 
distinguished from those of the fertile parents, excepting the occasional 
formation of the extra spindles in &. Gordonianum, but the pollen-grains 


stop soon to grow as in “Unshu.” Murpeck (86) found in Alchemilla 
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speciosa and A. alpestris that though the tetrad-division goes on normally, 
almost all pollen-grains soon die off, except some few, which have a normal 
appearance, having, however, no germinating power at all. 

In “Unshu” some of the pollen-grains attain their normal size and 
structure (Fig. 55). They contain two nuclei, one generative and the other 
vegetative, as mentioned before, and we may sometimes get them to 
germinate artificially. Transverse sections of the anther in the flowering, 
stage or in a somewhat earlier stage are shown in Figs. 101—105. They 
are very irregular in shape. Some of them have no loculus, while others 
have two or three. The dehiscence of the anther sometimes does not take 
place at all, for it withers pretty early and then the pollen-grains, which 
never go out from the loculus, die off there. 

Greater abnormities take place in the development of the pollen-mother- 
cells in “Washington Navel Orange.” Normally the sporogenous tissue is 
formed in young anthers, though in some loculi it is sometimes difficult to 
distinguish it from the surrounding tissue on account of their close resem- 
blanece to each other, as it was also in “Unshu.” The number of the 
sporogenous cells is, however, much greater than in the latter. In some 
loculi of the anther the sporogenous cells have large vacuoles and relatively 
small nuclei, as shown in Fig. 108. The growth of such sporogenous cells 
is not accompanied by that of nuclei and cytoplasm; they lose soon their 
Sporogenous appearance and are destined to disintegrate. But generally the 
sporogenous cells develop into the normal pollen-mother-cells and the 
tapetum. The nucleus of the pollen-mother-cell in the resting stage is large 
and has about the same construction as that of ‘“Unshu.” It persists in 
this condition a relatively long time. Meanwhile the mother-cell enlarges, 
but the corresponding increase of cytoplasm not taking place, many 
vacuoles make their appearance. The nucleus becomes gradually less 
chromatic and never passes into the synapsis stage. Then the pollen-mother- 
cells show signs of disintegration, for at first the cytoplasm becomes more 
granular and stains deeply, while the nucleus becomes less chromatic 
and finally beeomes irregularly shaped. Thns all mother-cells lose their 
turgidity and shrink to deeply staining irregular masses, which also 
gradually disappear (Figs. 111, 112). At this stage, the tapetum remains 
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yet generally as a ring-shaped body, which lines the loculus cavity (Fig. 
113), but soon after it undergoes disintegration. A cross-section of the 
anther of “Naval Orange” in its flowering time is shown in Fig. 114, in 
which large empty spaces are to be seen in loculi. Remnants of the 
degenerated tapetum and mother-cells are seen there sometimes as irregular 
bodies, but there is no trace of pollen-grains. 

Such an early and complete disintegration of the pollen-mother-cells 
seems to be very rare and we have only a few such examples in botanical 
literature. GreGcoryY (20) found in a sterile hybrid sweet pea that the 
disintegration of the mother-cell occurs much earlier than in other sterile 
plants. According to him it takes place generally as early as the prophase, 
and the development never proceeds further, though the irregular heterotypic 
spindle may sometimes be formed. Murperck (36) described in Alchemilla 
alpina and A. sericata that the pollen-mother-cells are degenerated before 
entering into the tetrad-division. 

The pollen-mother-cells just previous to their disintegration contain 
sometimes two or three nuclei as in Fig. 115, but I could not find the 
figure of the nuclear division, so it is impossible to decide whether the 
nuclear division is the reducing one or not. But from the fact that the 
nuclei produced are irregular and sometimes form closely aggregated masses, 
resembling the tapetal nuclei, it is not impossible that the division is the 
common equal one or even amitotic. JurEL (25), Cannon (5), TiscHier (50) 
and others described that the nuclei of the pollen-mother-cells divide 
amitotically. Recently Sumatra and Miyake (42) have found in Houttuynia 
cordata that the resting nuclei undergo occasional amitotic division and 
then the cytoplasm also divides itself, thus producing two daughter cells. 
In “Navel Orange” the wall formation never accompanies the nuclear 
division of the mother-cell in this case, so that the nuclei produced are 
seattered in the cytoplasm as in tapetal cells. When the flower opens, 
the dehiscence of anthers does not occur often and they begin to wither 


away as such. 


CYTOLOGICAL AND EXPERIMENTAL STUDIES IN CITRUS 101 


Degeneration of the female Gametophyte in “ Unshu” and 
“Washington Navel Orange.” 


Embryo-sacs of “Unshu” and “ Washington Navel Orange” dis- 
integrate very often before attaining their full development. The time of 
their disintegration is very variable. For example, in ‘“ Navel Orange ”’ 
it often occurs that the megaspore-mother-cell shows the signs of dis- 
integration in synapsis or a little later; not only does it then become 
very long and narrow, being compressed upwards by the surrounding nucellar 
tissue (Fig. 121), but also its cytoplasm stains more or less deeply. 


? 


Generally, however, both in “ Unshu” and “ Washington Navel Orange,” the 
megaspore-mother-cells seem to pass through the heterotypic and homotypiec 
divisions, thus forming a row of four megaspores; soon after, when the 
upper three are degenerated to form deeply staining masses, the fourth megas- 
pore often becomes a very small feeble looking cell with a small nucleus, 
which is scarcely distinguishable from the adjacent nucellar cells (Fig 116). 
Such megaspores seem then soon to go into degeneration. In later stages 
of development various modes of degeneration may be found. In the later 
flowering stage or even later, we often find abnormal embryo-sacs in 
degenerated condition. For example, the nucellus presents sometimes a 
fissure-like narrow space, in which the degenerated embryo-sac exists as 
a very small deeply staining irregular mass (Figs. 117, 124). In other 
eases, though the embryo-sac itself is pretty well developed, it has very 
poor contents, which stain deeply, thus indicating that they are beginning 
to disintegrate (Figs. 118, 119). It occurs also not rarely, that the embryo-sac 
is very small with only one or two nuclei, although it shows no signs of 
disintegration, while the normal ones are already fully mature (Fig. 120). 
Further, in extreme cases, no traces of the embryo-sae are to be detected at 
all in the nucellus, 

The early obliteration of embryo-sacs has been already studied by some 
authors. In 1886 GureNarp (21) announced that in a certain Begonia 
hybrid the formation of the embryo-sac may often fail and that in some 


Montbretia hybrid the embryo-sac obliteration sometimes occurs in the early 
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stage of its development. Borner describes that the disintegration of the 
embryo-sac may take place in Cistus hybrids. Recently TiscHier (46, 48, 
50) observed also the same phenomenon in Cytisus Adami, Ribes Gordonia- 
num, and Syringa species. In Cytisus Adami, though good pollen-grains 
are produced, it is, as is well known, not fertile and it is found that the 
sterility is due chiefly to the early disintegration of the embryo-sac ; the 
normal embryo-sac is, however, sometimes produced exceptionally. In sterile 
hybrid Ribes Gordonianum, Lem. (2. aurenm x R. sanguineum) the embryo- 
sac is degenerated early during its development, though a normal embryo- 
sac with the ege apparatus, polar nuclei and antipodal cells may be formed 
occasionally. In Syringa chinensis (S. vulgarisx S. persica) and in S. 
persica, nearly the same mode of development takes place. In sterile 
hybrid Drosera longifolia, var. obovata, RosrxperG (38,39) found that the 
development of the embryo-sac usually stops in the binucleated stage. 
Recently Micxn (82) has studied Acorus Calamus, which is always sterile 
in Europe, and found that both pollen-grains and embryo-sacs are degene- 
rated in early stages of development. 

The frequent disintegration of the embryo-sac as in Citrus, as described 
here, seems to occur oceasionally. HEGELMATER (22) announced that in certain 
Linaceae some of the embryo-sacs go into degeneration, while others are 
formed normally. Grrrrs (19) also described in his paper that the 
“partielle Sterilitit’’ of the embryo-sac is most commonly seen in the 
“Onagraceae. Famrer (13) has stated that though the same takes place 
in the embryo-sacs of some Caprifoliaceae, Umbelliferae, and Valerianaceae, 
the mode of their degeneration is different from that above mentioned. 
According to him, the embryo-sac is generally well formed, but the integu- 
ments are very feebly developed, so he thinks it to be probable that here 
the sterility is due to the lack of sufficient nutrition. 

In Citrus T have examined also the vegetative tissue of ovules, e.g., 
the nucellus, the inner and outer integuments, the chalaza, and the funiculus, 
but I could not find there any deviation between the sterile and the normal 
fertile species. The vegetative tissues are always well developed. The inner 
integument is three-layered, and the outer four layers thick in many cases 


(Fig. 70). In “Unshu ” and “ Washington Navel Orange’’ the nucellus is 
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always well developed, and consists of a number of large cells containing 
large vacuoles, even when the embryo-sac itself has been degenerated in an 
earlier stage. In the light of these facts, it may be inferred that the 
degeneration is not due merely to the lack of nutrition in that part, but 


that it must be due to some more deep-rooted cause. 


Germination of Pollen-grains and some Field 


Experiments. 


Though, as above mentioned, several irregularities may take place in 
the later stages of the pollen development, yet some pollen-grains seem to 
be normally developed. So I have undertaken experiments on their germina- 
tive power in cane-sugar solutions of various concentrations. Pollen-grains 
of many Citrus varities, e.g. ‘“ Natsu-mikan,” “ Kishu-mikan,” ‘“ Asahi,” 
and a few others, germinate easily in the 7--10%% cane-sugar solution after 
12 or 24 hours. Of the ‘“ Unshu,” however, even good grains germinate 
very rarely, while many do not germinate at all even after 24 hours or 
more in solutions of various concentration. Iumacat (29) describes that 
there are only few functional pollen-grains in ‘“Unshu”; Ikepa (24) 
mentioned that there is scarcely any good pollen-grain. 

According to my present investigation, the number of good functional 
grains appears to differ, to some extent, in different individuals, for in a 
certain individual it was found indeed that 5°¢ or even more of pollen- 
grains possess germinating power. A similar fact was also observed by 
TiscuLtER (50). In sterile Potentilla hybrid, some pollen-grains are pro- 
duced in a normal way and having two nuclei, generative and vegetative, 
are easily induced to artificial germination. In a sterile Jirabilis hybrid 
some pollen grains are normally produced as in Potenti/la ; and with respect 
to their germinating power, he says, ‘Ob diese Pollenkorner noch auskeimen 
kénnen, vermag ich leider nicht zu sagen. Professor Correns schrieb mir, 
dass es weder ihm noch auch andern titberhaupt gelungen sei, J/irabilis- 


Pollen kinstlich zum Keimen zu bringen.” He has also studied sterile 
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banana-pollen (51) and observed that the pollen-grains produced by the 
irregular division may sometimes germinate normally. 

From their respective field experiments Kumacar (29) and Ikepa (24) 
conclude that the seeds of “ Unshu”’ and “ Washington Navel Orange” are 
easily produced, if pollinated with other fertile species, e.g. ‘ Asahi,” 
«“ Natsu-mikan,” “ Kunenbo,” and many others. I haye pollinated artificially 
“ Unshu” with “ Natsu-mikan” and “ Kishu-mikan,” ete. The fruits were 
examined in autumn and I found that the seeds of each fruit are very few in 
number, commonly about from one to five or rarely more. The fruit of 
“Navel Orange”’ was not examined. 

In several districts, where “Unshu” and “ Washington Navel Orange ” 
as well as fertile varieties producing normal pollen grains are cultivated 
near together, the fact is well known—and I can also fully confirm it my- 
self—that fruits of the former are very few-seeded, though we see in every 
orchard innumerable bees and other insects, which are busily engaged in 
visiting flowers. 

The fact accords well with the results of the above investigation and is 
explainable by the above mentioned partial sterility of the embryo-sacs, 
which occurs in “ Unshu” and “ Washington Navel Orange.” The details of 
these field experiments I hope to publish in a future paper, for I am now 


just engaged in these experiments. 
J gag 


Discussion. 


As above mentioned, the sterility of “Unshu” and “ Washington 
Navel Orange” is chiefly due to the absence or sterility of the pollen- 
‘ grains, but paitly to the frequent disintegration of the embryo-sac. We ask 
then necessarily why such irregularities and abnormities have been induced 
to occur? Before we proceed further, I will briefly mention the possible 
causes of sterility and of irregularities of germ-cells in plants, as discussed 
by many authors. 
1. That hybridization is frequently the cause of sterility has been well. 
known for a long time, and the fact has been observed by many authors as 


already mentioned. 
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2. Some authors have expressed the opinion that the sterility of 
plants is due sometimes to the influence of unfavorable climate. For ex- 
ample, Micke (82), in his study of Acorus Calamus, which is always sterile 
in a certain district of Europe, found that pollen-grains and embryo-saes 
have been degenerated in an earlier stage of their development and con- 
eluded that their Sterility is due to the climate being unfavorable for the 
plant. Such cases seem to be frequently met with in newly introduced 
plants. 

3. Irregularity of pollen-grains may occur from long or careful culture 
(9). Witte (55), studying the pollen development in Angiosperms, has 
found that irregularities in the nuclear division, especially the appearance of 
supernumerary nuclei in the tetrad division, occurs chiefly in cultivated 
plants. Tiscuter (50) also made an _ interesting experiment in order to 
decide whether the cultivation under different circumstances can produce 
any irregularity in pollen development. The objects of his study were 
Potentilla Tabernaemontani, P. rubens, and a hybrid between these two 
parents (this hybrid is perfectly sterile). Both parents, though they produce 
in nature many irregularly shaped sterile pollen-grains, are yet fertile. He 
put them in a green-house in November, keeping them dark, wet and 
warm. Their pollen-grains produced under this treatment showed clearly 
more irregularities than in nature and the number of “taub” pollen-grains 
was much greater. Moreover by this treatment P. rwbens was made to be 
perfectly sterile. A similar experiment was carried on by WuttLrr (56) in 
certain pure Potentilla species and -he found nearly the same phenomenon. 

4. It is also probable that the irregularities and the sterility of pollen- 
erains are sometimes due to mutation, as fully discussed by Garrs (17), 
TiscHLER (50), GEERTS (19), and others. 

5. That these irregularities occur in many parthenogenetic plants has 
been announced by Jvurn in Antennaria, Murseck (36) in Alchemilla, 
Surpara and Miyake (41) in Houttuynia cordata. 

In Citrus varieties, whether they are due simply to long cultivation or 
else to hybridization is now hardly possible to decide, for we have no 
reliable description about their origin. But that these Citrus varieties have 


long been under careful cultivation, together with the fact that cultivated 
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plants are very commonly hybridized spontaneously (vicinism), leads us to 
the inference that in all probability these plants might be hybrids. 

Then the question naturally arises, why hybrids and their germ-cells 
are so frequently sterile? This question has been already discussed by 
numerous authors. This important problem will be decided only after a 
careful examination and comparison of a great many forms with similar 
irregularities. So I will not enter here into the discussion of this difficult 


problem. 


Summary. 


1. The tapetum of the anther of Citrus seems to be derived from the 
original sporogenous tissue. 

2. The first nuclear division of the pollen-mother-cell is reducing and 
heterotypic, while the second is equal and homotypic. 

3. The number of chromosomes of “Unshu” is probably eight for 
the gametophyte, sixteen for the sporophyte. 

4. The megaspore-mother-cell and tapetal cell are derived from a single 
hypodermal archesporial cell. 

5. More than one megaspore-mother-cells are sometimes present in 
Citrus, 

6. The first nuclear division of the megaspore-mother-cell is the reduc- 
ing one. 

7. A row of four megaspores are formed by two successive divisions of 
the megaspore-mother-cell. 

8. The outer or micropylar three megaspores disintegrate, whereas the 
innermost or chalazal megaspore gives rise to a normal embryo-sac. 

9. In C. trifoliata, fertilization appears to take place about four weeks 
after pollination. 

10. In C. trifoliata, the primary endosperm nucleus may divide immedi- 
ately after fertilization, and earlier than the oospore nucleus. 

11. In C. trifoliata, the first nuclear division of the oospore appears to 
take place nearly three or four weeks after fertilization. 


12. Phenomena of polyembryony are to be seen commonly in C. 
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trifoliata ; embryos are then derived from nucellar cells, except one from 
the ovum. 

13. The oceurrence of the so-called “navel” at the top of the fruit of 
“ Washington Navel Orange” is due to the multiplication of loculi and 
carpels, and to the protrusion of these new carpels beyond the top of the fruit. 

14. The production of two or more seedlings from a single seed of 
Citrus trifoliata is not rare and in many cases these seedlings may grow to 
perfect plants. 

15. In one or more loculi of the anther of “Unshu” the formation of 
sporogenous cells may sometimes fail and the number of pollen-mother-cells 
in a single loculus is very variable. 

16. In “Unshu” the disintegration of the pollen-mother-cell and 
tapetum may take place as early as its resting stage, but the great majority 
of them passes through usual meiotic divisions and produces pollen-grains. 


’ 


17. Pollen-grains of ‘‘ Unshu” are mostly irregularly shaped and sterile. 

18. Disintegration of the pollen-mother-cells and tapetum in “ Washing- 
ton Navel Orange” occurs as early as the sporogenous stage, and a great 
majority of them are degenerated and disappear in the stage of resting 
nucleus and never proceed to further development. 

19. No pollen-grains are found in the anthers of “ Washington Navel 
Orange” in its flowering period. 

20. Disintegration of the embryo-sacs sometimes takes place in 
“Unshu” and “ Washington Navel Orange,” and it may occur in an earlier 
stage of their development, but their great majority seems to persist till a 
row of four megaspores is produced and then goes to disintegration. 

21. As some normal embryo-sacs are produced in ‘“Unshu” and 
“Washington Navel Orange,” they may easily produce a few seeds, if 
pollinated with good pollen-grains of certain fertile species of Citrus. ‘The 
small number of seeds in many cases is evidently due to the frequent 
disintegration of the embryo-sacs. 

22. Seedless fruits of these two Citrus are produced, chiefly owing to 
the lack or sterility of pollen-grains, and partly to the frequent disintegra- 


tion of the embryo-sacs. 
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EXPLANATION OF PLATES. 


All figures were drawn with the aid of a camera lucida, except Figs. 86, 87, and 90. The 
abbreviations here employed are as follows; a, anther; ac, archesporial cell ; a, antipcdal cell ; 
c, earpel; e, embryo; es, embryo-sac; en, endosperm nucleus; ii, inner integnment ; J, loculus ; 
m, Megaspore ; mm, megaspore-mother-cell ; ml, middle layer; mn, nucellus; 0, ovary; oi, outer 
intecument ; ol, ovule; 00, oosphere; p, petal; p/, placenta; pm, pollen-mother-cell; pn, polar 


nucleus ; pt, pollen tube; s, stamen; sy, synergid; ¢, tapetal cell. 


PLATE VIII. 


Figs 1, 2, 22—36, “ Washington Navel Orange”; Figs. 3—21, * Unshu.” 

Fig. 1. Longitudinal section passing through the centre of a young bud, showing that the 
carpellary cavity is not yet closed above. The beginnings of petals, stamens, and carpellary 
leaves are visible. x 21. 

Fig. 2. Transverse section of a young bud, showing young sepals, petals, stamens, and 
carpellary lenves. x 21. 

Fig. 3. Longitudinal section passing through the centre of an older bud, x21. 

Fig. 4. Transverse section of bud at the top of the carpellary lewves. x 21. 

Fig. 5. The same, at the middle of the carpellary leaves. x21. 

Fig. 6. The same, at the base of the carpellary leaves. x 21. 

Fig. 7. Longitudinal section of older bud than that in Figs. 4,5, and 6, passing through the 
centre. x21. 

Fig. 8. Longitudinal section of a pistil, showing small protuberances (young ovules), 
x 30. 

Figs. 9-14. Six consecutive transverse sections at different heights of a pistil from the top to 
the base, showing the primordia of ovules. x30. 

Fig. 15. Longitudinal section of an older pistil, showing young oyules. x30. 

Vigs. 16-20, Longitudinal sections of loculi, showing several stages of development of 
ovule. x45. 

Fig. 21. Cross section of an ovary showing ovules. x21. 

Fig. 22. Longitudinal section of a young ovary. x 21. 

Fig. 23. The same in more advanced stage. x21. 

Figs. 24-29. Six consecutive cross sections at the different heights of a single pistil from 
top to base. x30. 

Fig. 30. Longitudinal section of an older ovary, skowing placentae and ovules. x21 

Figs. 31-34. Four ecnsecutive cross sections of a single ovary, showing development of new 


irregular loculi at the upper portion of an ovary. x21 
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Fig. 35. A portion of transverse section of an older ovary, showing new loculi, placentae, 
and ovules. x 21. 


Fig. 36. A portion of longitudinal section of an ovary, showing placentae and ovules. 
x21. 


PLATE IX. 


Pigs. 37-64, Figs. 66-71, “‘Unshu”; Fig. 65, trifoliate orange. 

Fig. 37. ‘Transverse section of a young anther, showing two microsporangia only. x 190. 

Fig. 38. A portion of transverse section of young anther, showing one microsporangium. 
x 370. 

Fig. 39. Transverse section of microsporangium in later stage, showing the differentiation of 
pollen-mother-cells and tapetum. x 370. 

Fig. 40. A pollen-mother-cell with a resting nucleus. x 1190. 

Fig. 41. The same, with the nucleus in synapsis. x 1190. 

Fig. 42. The same, with the nucleus in spirem stage. x 1190. 

Fig. 43. The same, showing the splitting of spirom thread. x 119). 

Fig. 44. The same, more advanced stage. x 1190. 

Fig. 45, a, b. A single pollen-mother-cell ent into two serial sections, showing eight 
chromosomes. x 1190. 

Fig. 46, A pollen-mother-cell showing tripolar spindle. x 1190, 

Fig. 47. The same, in the prophase of the first mitosis. x 1190. 

Fig. 48. The same, polar view of chromosomes forming the nuclear plates. x 1190. 

Fig. 49. The same, in the late anaphase. x 1190. 

Fig. 50. The same, in the telophase of the first mitosis. x 1190. 

Fig. 51, The same, showing the prophase of the second mitosis. x 1190, 

Fig. 52, The same, telophase of the second mitosis. x 1190. 

Fig. 53. Tetrad. 1190. 

Fig. 54, A pollen grain with one nucleus. x 1190, 

Fig, 55. A pollen-grain with two nuclei, generative and vegetative. x 1190. 

Fig. 56, A very young ovule showing a single hypodermal archesporial cell. 370, 

Pig. 57. A young ovule, showing a megaspore-mother-cell, two tapetal cells, inner and outer 
integuments, and nucellus. x 370. 

Fig. 58, A megaspore-mother-cell in resting stage with two tapetal cells. x 1190, 

Fig. 59, The same, at later stage, showing three tapetal cells. x 1190. 

Fig. 60. An older ovule than that in Fig. 57. x 370. 

Fig. 61. A megospore-mother-cell with nucleus in synapsis. x 1190, 

Fig. 62, Two megaspore-mother-cells in an oyule. x 1190. 

Fig. 63, A megaspore-mother-cell in later stage. x 1190. 


Fig. 64, ‘The same in the early anaph»se of the first mitosis, 1190. 
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Eig. 65. The same in the anaphase of first mitosis. x 1190. 
Fig. 66. A row of four megaspores. x 1190. 


Fig. 67. Four megaspores: the upper three are degenerating and the fourth is functiozal. 


Fig. 68. The same. x 1190. 
Fig. 69. Four megaspores: two in degeneration. x 1190. 
Fig. 70. An older ovule showing megaspore, nucellus, and two integuments. x 380. 


Fig. 71. More advanced megaspore or embryo-sac, showing vacuoles. x 1190. 


PLATE X. 


Figs. 73-76, 86-89, ‘‘Unshu”; Figs. 72, 78-85, 90, trifoliate orange; Fig. 77, ‘‘ Washing- 
ton Navel Orange ” 

Fig. 72. Two nucleated embryo-sac. x 1190. 

Fig. 73. An ovule showing embryo-sac, nucellus, and inner integument. x 370. 

Fig. 74. Details of embryo-sac of Fig. 73, with four nuclei, x 1190. 

Fig. 75. Embryo-sac with eight nuclei. x 1190. 


Fig. 76. A mature embryo-sac with egg-apparatus, pollar nuclei, and antipodal cells, 
x 1190. 


Fig. 77. The same. x1190. 

Fig. 78. Ovule after fertilization, showing two integuments, nucellus, and embryo-sac. x54. 

Fig. 79. Details of the embryo-sac of Fig. 78, more magnified, showing fertilized egg, one 
synergid, pollen-tube, and endosperm nuclei. x 550, 

Fig. 80. Micropylar portion of an embryo-sac, showing fertilized egg, pollen tube, and 


endosperm-nuclei, especially some large nucellar cells containing large nucleus and much 
cytoplasm, x 370. 


Fig. 81. The same. x 550. 


Fig. 82. Micropylar portion of an embryo-sac showing two-celled embryo and endosperm 
nuclei. x 370. 


Fig. 83. An older ovule, showing embryo-sac, embryo, endosperm-nnelei, nucellus, and 
integuments. x 40. 


Fig. 84. Upper portion of embryo-sac of Fig. 83 more magnified, showing six-celled embryo, 
endosperm nuclei, and nucellus. x 370. 

Fig. 85. Upper portion of an embryo-sac, showing polyembryony. x 370. 

Fig. 86. Cross section of a single loculus, showing ovule and small protuberances (future 
“juice-sacs””). x 6, 

Fig. 87. The same in later stage. x6. 

Fig. 88. Early stage of development of * juice-sacs,” x 370, 

Fig. 89. The same in later stage. x198. 


Fig. 90. Cross section of a single loculus, showing ovule and young “ juice-sacs.” x 5. 
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PLATE XI. 


Figs. 91-106, “ Unshu”; Figs. 107-115, “ Washington Navel Orange.” 

Fig. 91. Cross section of a young anther, only one microsporangium is visible. x 190. 

Fig. 92. Cross section of a single microsporanguim, showing only one pollen-mother-cell in 
mitosis. x 370. 

Vig. 93. The same in a little later stage, showing irregular thick tapetum and a few pollen- 
grains. x370. 

Fig. 94. The same in older stage, showing several irregular pollen-grains. x 370. 

Fig. 95, a, b. Tapetal cells with irregular aggregate of nuclei. x 840. 

Fig. 96. Cross section of a single microsporangium, showing degenerated pollen-mother-cells 
and tapetum. x 370, 

Fig. 97. The same. x370. 

Fig. 98. The same in flowering time. x 370. 

Figs, 99, 100. Cross section of an anther showing irregularities of microsporangium in the 
flowering period. x 67. 

Figs. 101-105. The same. x 40. 

Fig. 106. a,b, c, d. Irregular pollen-grains. x 1190. 

Fig. 107. A portion of a young anther, showing one microsporangium. x 370. 

Fig. 108, Cross section of a microsporangium, showing sporogenous cells with large 
vacuoles. x 370. 

Fig. 109. ‘The same, showing tapetum and mother-cells. 370. 

Fig. 110. The same in later stage, showing the degeneration of pollen-mother-cells and 
tapetum. x 370. 

Figs. 111, 112. Transverse section of a single microsporangium, showing the disintegration 
of mother cells and tapetum. x 370. 

Fig. 113. Portion of the cross section of an anther, showing degenerated pollen-mother- 
cells and tapetum, which reinain as a ring-shaped body. x 144. 

Fig. 114. Cross section of anther in flowering time. x 40. 


Fig. 115. ua, b, c. Pollen-mother-cells with a few nuclei. 1190. 


PLATE XII. 


Figs. 116-120, ““Unshu”; Figs. 121-127, ““ Washington Navel Orange,” 

Fig. 116. Small and feeble megaspore, scarcely distinguishable from the surrounding cells. 
x 1190, 

Fig. 117. The same in later blossoming period. x 1190. 

Figs, 118, 119, Degenerated embryo-sac. x 1190. 


Fig. 120. The same with nucellus tissue. x 550. 


Rallye 
. 122. 
. 123. 
Fig. 


Fig. 


124, 


125. 
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Long and narrow irregular megaspore-mother-cell half degenerated. x 1190. 
A row of four megaspores, already degenerated. x 1190. 

Eight-nucleated embryo-sac half degenerated. x 1190. 

Degenerated embryo-sac in late flowering stage. x 1190. 


Longitudinal section of an ovule showing wholly degenerated embryo-sacs. x 370. 


Figs. 126, 127. Embryo-sac, wholly degenerated. x 1190. 
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I. Introduction. 


The complete life-history of the order Mecoptera is scarcely known. 
Though Macquart,’ STEN’ and possibly some others have thrown light 
on certain stages of the life-history of the genus Panorpa in a fragmentary 
way, the only entomologist who has observed the complete life-history of 
Panorpids seems to be Braver*® who published his results in 1863. He 
worked on the European species belonging to the genus Panorpz.t In 1895, 
an American author Frir’ has published his observations on the American 
species Panorpa rufescens Rambur, but they are confined to larval life, and 
his remarks on pupal stage are simply quotations from Braver. After 
several failures I have recently been able to succeed in obtaining all the 
stages of the Japanese species Panorpa klugi M‘Uach., and I propose to 
describe my results in this paper. So far as I know this is the first 
published report on the life-history of a Japanese species of this genus and 
as our knowledge of the life-history of this order is so unsatisfactory this 
contribution should be not only of local but also of general interest. More- 
over our interest increases when we consider that Panorpa klugi M‘ach. 
together with many other Japanese species has recently been made a separate 
genus, by ENDERLEIN,® under the name of Azlops, and a study of the life- 
history of a representative of the new genus would help us in judging of 
its taxonomic value, and if the genus found to be valid, in throwing light 
on the metamorphosis of the new genus. Besides I have found out that 
the spiracles of Panorpid larvae undergo certain structural modifications with 
each moult, so that we can roughly determine the different stages by 
observing the spiracles. 

As my materials were very scarce for certain stages, especially the 
pupal, the conclusions referring to them should be received with a certain 
Maquanrt: Ann. d. Science Naturell., Tom., 22, p. 463—465 (1831). (After Braver). 
Stem: Wiecmann’s Archiy 1838, p. 330, tab. 7. (After Braver). 


Braver: Verhandl. d. zool-bot. Gesellsch., Bd. XIII, p. 307—324 (1853). 
He wrote the life-history collectively, though he described the larvae of Panorpa 


variabilis, P. montana and P. communis respectively. 
Freir: Tenth Report. State, N. Y., p. 463—480 (1895). 
6. Enprriem: Zool. Anz., Pd. XXXY, p. 390 (1910). 
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reserve, and therefore I hope the reader will look upon this report as a 
preliminary one. 

Lastly the author wishes to express his hearty thanks to Professor 
SASAKI, to whom he is much indebted for many valuable advices received 
during the study. To Professor Isunxawa he is also under deep obligation 
for his several kind suggestions. In no less degree his thanks are due to 


Professor Goro for his favour in looking through the manuscript. 


II, Methods. 


For observations I made occasional visits to some fixed spots in various 
localities, such as Inokashira, Takao-yama, Hakone, ete., where Panorpa 
klugi as well as many other species are very common. For closer observa- 
tions I placed a number of Panorpa in breeding-cages, which were 410 mm. 
in height and 250mm. on the sides, with sliding doors of glass plate in 
front and behind, and with apertures covered with wire-screen on the other 
two sides; the top side had a movable cover of wire-screen and at the 
bottom was placed a drawer lined with zine plate. Into each cage I put a 
potted plant of various kinds in moist sand. In some eases however I 
filled the bottom of cages with moist sand in which I set some plants. The 
latter method however did not give good results, as the insects could not 
find so many sheltering places as in potted plants. It was necessary that 
not only the sand in the pot, but also the whole interior of the cage should 
always contain certain degree of moisture. I therefore poured every day 
some drops of water on the upper wire-screen through which it passed into 
the cage in the form of vapour. The insects seemed to relish it very much, 
as some of them were seen to be eagerly sucking at the drops. However 
the moisture should not be present in excess, as it impedes the movement 
of the insects. As for the food, I first gave, following Braver and Fert, 
pieces of flesh (beef, pork and fish were tried), but the results were not 
satisfactory, and subsequently I found that wounded or dead insects were 
accepted and left nothing to be desired. For this purpose silk-worms and 
their chrysalises were commonly used merely because they were very easily 


obtainable. “When the eggs were deposited each lot was put into a 
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Prerrt dish filled with moist sand. After taking this step great care is 
still necessary, as the eggs are subject to the attacks of some entomoph- 
thoreous fungi, which cause the eggs to swell and make the shell so 
delicate that the eggs burst at a slight touch; and though such eggs may 
be kept safely through the larvae usually do not hatch out. The hatched 
larvae were kept either in dishes or cages and were fed also with -wounded 
silk-worms, the proper moisture of the sand being always attented_ to. 
During larval life many are killed by parasitic nematodes. To prevent this 
the sand was disinfected with hot-water but the result was not thoroughly 
effective. Besides the nematodes there are many coleopterous enemies which 
are to be carefully guarded against. When the larvae are full grown and 
begin to form their cells, they usually burrow deeper in the sand or wander 
about at the surface, possibly in order to avoid too much moisture. If at 
this time the usual moisture is still given the larvae will perish, and I 
repeatedly failed at this juncture. We have therefore to take means to diminish 
the moisture or to remove the larvae into vessels with dried sand. But a 
very slight degree of moisture must still be kept up, as complete desiccation 
would kill the larvae. After pupation great care is necessary to leave the 
pupae in as tranquil and natural a condition as possible. Even when all 
the precautions have been taken a fair. proportion will fall prey to the 


various enemies. 


III. Habits of the Adult Insect. 


The adults are usually found in damp shady places where the ground 
is covered with bushes of grass. The males may be seen resting on a leaf, 
bending up the last three abdominal segments in such a way as to make 
the terminal forceps very conspicuous to sight. The females are also found 
along with them, the abdomen being extended straight, and commonly lie 
nearer the ground than the males. In both sexes, when excited, as for 
fighting or copulation, or else watching for prey or preparing for flight, the 
wings are slowly elevated and depressed alternately. Though these scorpton- 
flies may look restless, yet they are in reality rather dull insects and one 


may easily catch them with a net or even by fingers. When held between 
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the fingers they occasionally eject a brownish fluid with offensive odour, 
just like grass-hoppers. This may probably have some protective meaning. 
The flights are usually taken by short distances just like those of Agrionid 
dragon-flies. In nature the insect is often attacked by species of ectoparasitie 
mites which are reddish in colour and rather large and conspicuous in 
appearance. 

a. On some economic points:— Whether Panorpa preys on living 
animals or not, in other words, whether it is useful or not, has so far as I 
know not yet been determined for any species. Krrsy and Spenser in their 
Entomology vol. ii, p. 253 (1828)* record that Panorpa communis preys on 
living insects, adding “LYONNET saw one attack a dragon-fly of ten times its 
own bigness, bring it to the ground, pierce it repeatedly with its proboscis.” 
Fett quotes another example from Prof. Davis of the Michigan Agricultural 
College, who writes “very common in the fields and noticed to attack the 
cotton-worm.” He however remarks as follows:—“ It is possible that Panorpa 
does attack and kill its own prey, but there appears to be no undoubted 
proof of this at present, unless the account of Kirpy and SpENcE is credited 
— it does not seem possible that it could be true of our species at least. 
....Our species were under close observation, indoors and outsides, for six 
weeks, yet they were not yet seen to touch a living, uninjured animal of 
any kind and they were seen a number of times in nature feeding upon 
partially decayed insects: neither the mandibles nor the maxillae of this 
insect are well adapted to piercing.’ Pouuron in ‘Transaction of Entomolo- 
gical Society of London, 1906,’ and Lucas in ‘Entomologist, 1910’ record 
many European species feeding on insects, but whether they were uninjured 
living insects or not does not seem to have been ascertained. In Japan, Mr. 
Onvxi of the Entomological Division of the Imperial Agricultural Experiment 
Station describes in his “Jitswyo Konchigaku” (Practical Entomology), p. 35 
(1903), that the scorpion-fly preys on living insects. Professor Marsumuna of 
the Tohoku University mentions the same fact in his “ Ekicht-mokuroku”’ 
(Catalogue of Beneficial Insects), p. 42 (1908). For my own part, T saw on 


June 19th a female attacked a larva of its own. The larva had suffered no 


* JI follow Fexr’s quotation; in the edition of 1873 in my hand the passage cannot be 
found on the page cited. 
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external injury nor was it otherwise unhealthy as far as I could observe, 
although on this latter point we cannot have any positive assurance. After 
some minutes I separated the female from the larva, and I could assure 
myself that the larva was still in a very vigorous state. However it is 
surely a difficult problem to determine whether the prey on which Panorpa 
was feeding had been in perfect health or whether Panorpa feeds only on 
injured or dead insects, since the activity of different insect species is so 
different that the heathy individuals of some inactive species are often as 
quiet as the dead ones of other. To throw some light on the question, I 
have made many experiments by confining uninjured maggots, caterpillars 
(Noctuids, Geometers, silk-worms, etc.), moths and flies in the cages 
containing a number of scorpion-flies; yet I have never observed the latter 
injure or touch the former, although the scorpion-flies must in some cases at least 
have been in a starved condition. On the contrary, if any of these food insects 
were injured or dead, more especially if the body fluid had more or less 
flowed out, notwithstanding that the animals were still in an active condition, 
the scorpion-flies would instantly fall on them and begin to eat, heedless of 
the movements which the prey may make. For these facts we may safely 
conclude, with Fier, that though Panorpa may not be entirely exempt 
from attacking living animals, still its usual food consists of dead or injured 
or sometimes even partially decayed insects. And it is an ordinary thing 
to see scorpion-flies feeding on their dead comrades. As the same may be 
observed during larval life we may conclude that the scorpion-flies are 
economically of much less value than one might imagine, and that their 
possible use may be that of scavengers, though on this point also their 
usefulness appears to be very limited. 

On the other hand I sometimes saw (e. g. on June 6th, beforenoon) 
a female scorpion-fly sucking a petal of a sweet-william catchfly (Silene 
Armeria Li.) that was potted in the cage. The entire tissue of the part 
sucked was destroyed so that afterward the petal dropped down, the margin 
of the injured portion showing a bluish black (see Pl. XIV, fig. 8+). In 
this way all the petals of a cage were attacked in a few days. There is 
no doubt that Panorpa feeds occasionally on vegetable matter and hence 


that it may sometimes be injurious to plants. 


THE LIFE-HISTORY OF PANORPA KLUGI M‘LACHLAN. 123 


b. Copulation :—Copulation takes place very often. In approaching a 
female the male flutters its wings, and is, of course, usually responded to by 
the former, and stretching straight its abdomen the male seizes with chelae 
the abdomen of the female on the dorsal side or sometimes on the ventral 
side, and slides the chelae backward until the genitalia of the female are 
reached. During the copulation the two insects remain attached by the 
hind ends while the bodies diverge in the form of a A. The attitude of 
the female during this process is perfectly natural with its wings folded, and 
its abdomen straight, while that of the male is very unnatural, and the 
body axis is strongly curved in the form of an /. Copulation lasts from a 


quarter of an hour to often over an hour. Some examples are as follows :— 


May 25/11 A.M. 11.30—12.00 .......... 30 minutes 


June 6711. AM. 9,05—1044 .......... 1 hour 39 minutes 
“a 12 ie MANS | Se oC | 1 hour 34 minutes 


The male after finishing a copulation sometimes proceeds to effect a 
second one with another female found near by. I saw on Oct. 10th ’11, 
one and the same male copulating twice, the first lasting for about 15 
minutes and the second immediately afterward with another female for 40 
minutes. 

One male is usually surrounded by two or three females, which seem 
to the observer to be coquetting with the male. I saw on June 5th a_ pair 
in copulation besides two females. At last one of the two (I think the 
stronger one) began to disturb the pair in copulation using its long beak 
as a weapon and succeeded finally in separating them. The successful 
rival then effected a pairing on the spot. 

It is very interesting that, though the female is very eager for pairing, 
she is commonly seen to take food during copulation (as it frequently takes 
place within reach of food) as if she were indifferent to it, while the male 
seems to be entirely occupied with it. 

c. Longevity :—The life of the adult insect lasts rather long. Even in 
confinement in the cage the female lives usually over a month. In the open 
field therefore she should live still longer. Speaking generally the male enjoys 


a shorter life than the female. The following are my observations in the cage. 
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First brood 


Number of individuals. Date of capture. Date of death. Days of existence. 

fe Ee May 22/01. 2% Atme sD. take 15 days 
Bi cc bea - nk We. (Gt NL eee oe 

rp ne en ss PE en ats Ae ee AB. 

7 Re ee 23 MP Bin fe Gane eee Ailes 5, * 

a ee Se a Se ice eG, ee Red es Ae ee 

YS Ee ae Bc Yee ic I Er etn 3] haa ess ean Pere Dar. 
a ee ee June OF 11 2-5 duly 1007 ast. Fi ae 


Second brood 


A am secae renee Sept: 15/7 Il |... wept; 265.5. sees 14 days 

fede oe “5 17 Ot Ae Te Pe 26" 5 

SD Oh. eet ee: $5 t OS Oer Arla: Meee cera Ms as 
Ds Ut aia «oe 5 & A: West. 19% Beat On is 

Dae Se eae 5s PIES 01S 275i ED an Ate 

alias Se eee s ee OCU AIG eae soa AD, 


Many other observations were incidentally made during the investiga- 
tion, but exact records were not kept. 

d. Egg-laying:—The eggs are laid some days after copulation. 
Preliminary to oviposition the female explores every crevice in the ground, 
stretching its abdomen to full length. I made many artificial crevices in the 
sand to allure the females to lay eges in them, but none of them was 
utilised, though every crevice was repeatedly examined by the females. 
Finally a mass of yellowish white eggs was laid in a slit between the pot 
and the bottom of the cage, in crevices of the sand, and corners of the cage, 
as also on the surface of the sand. The eggs more or less adhere together 
owing to the presence of some viscid fluid on their surface. The number of 
eges in a batch is quite inconstant and not as GraBer observed, “ nicht 
zahlreichen (héchstens 12),” or as Frur states, “twenty-four to twenty-nine 
being the number.” My observations on the Japanese species are as 


follows : 
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First brood Second brood 

Date Number Date Number 
May ol; it... 66* Sept. 25/11 .... 27 
June 4 genet he Sept. 27 ari 
June 12 Baie cee ue ets 

A Te , Oct. « ote 
June 14 .... 53 (or 54?) 5 ccmeaeeelt 

= Lema oa Oct. 20 vg esh ee 

= gah ee lis! ns ee, 
June 17 aie 20" (Or Se) 29 7 
June 19 See LOO LB opty 

a eo ES 
June 21 as al 

e eee Ne) 


We thus see that in the species in question the number of the eggs 
raries from 6 to 97 in one lot, and is very different from what is known 
in European and American species. For oviposition sheltered places are 
usually preferred and direct sunshine is avoided. Exceptionally however 
the eggs may be laid on the surface of the sand or food insect. In either 
case the parent does not seem to provide for the food of the future larvae, 


as Fret observed. 


IV. The Egg. 


The ege (Pl. VIV, fig. 6) is oval and whitish or pale yellowish just 
after deposition; in a day or two it turns fuscous yellow, but sometimes 
remains whitish till the last stage. Length 0.90—0.97 mm.; width 
0.59—0.75 mm. It is therefore larger than in European and American species 
since Braver writes about the former “2/3’” lang und 1/3 breit,” and 
Fett reports for the latter “long diameter .625 mm.; short diameter .6 mm.” 
The chorion is covered with a network of dark fine depressions, the meshes 
of which are mostly hexagonal and rather delicate, since it is easily broken 
by accidental touching. 

a. Hatching:—The egg usually hatches out on the eighth day after 


*They were laid by the same female. 
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deposition, for example, eggs laid on May 31st hatched on June 7th, and 
those on June 14th on June 21st. But this period is not absolutely fixed, 
’ and in some eases the larvae hatch out on the 6th, 7th or 8th day after 
deposition. Eggs deposited on the same day not infrequently hatch out on 
different days. 

On the day of hatching the larva can be seen through the chorion, 
eurled up within the egg shell, with the head at one end of the egg 
covering the abdominal end (Pi. XIV, fig. 7); and the eyes, mandibles, 
antennae and setae on the dorsal side can ke distinctly recognized. Just 
before hatching the larva is seen moving its mandibles and often rotating 
itself within the chorion; but these movements do not seem to be directly 
concerned in the process of hatching out. The actual hatching is effected 
by the larva by simply pushing up the chorion at one pole of the egg with 
the frontal portion of its head and when the chorion breaks the larva 
crawls slowly out of the shell. I have repeatedly seen the hatching 
process going on and the method is always the same. Only in one case 
was the shell broken in the equatorial region and the larva came out with 
the middle dorsal side of its body foremost. After leaving the egg shell 


the larva remains motionless for a while. 


V. The Larva. 


The larva just hatched is 3—6mm. long, and is milky white with 
remarkably fulvous head and very beautiful pinkish eyes. It soon begins 
gradually to darken and after a few hours the head is testaceous, eyes dark 
pinkish and the body yellowish grey. The general appearance is figured in 
Pl. XIU, figs. 1 and 2. The head (Pl. XIII, figs. 2, 4) is rather large, 
with a few setae on the epicraniam, and bears an elongated reddish piceous 
patch on the clypeus. The antenna (Pl. XII, figs. 2, 4, 9) is very prominent 
and has four joints, of which the basal two are short, the third is short 
and obconical, while the fourth is long and slender and bears three or 
four short setae at the top. On the under side of the antenna near the 
apex of the third joint there are two groups of rather large cells (I could count 


in the inner group about 9, and in the outer group about 13 cells, admitting 
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however that the actual number may be one or two more) with conspicuously 
large nuclei, which constitute probably a sense organ. The eye (Pl. XIU, 
fig. 10) is large and is composed of twenty eight ocelli (in the American 
species studied by Frrr there are “about twenty”). The mouth parts are of 
mandibulate type. The mandible (Pl. XIII, fig. 7) is piceous (deeper in 
colour toward the apex), stiff and pyramidal, with internally curved apex. 
Near the base it bears two teeth and near the apex, which forms a sharp 
tooth, there is another triangular tooth. On the outer edge of the mandible 
there are usually two setae of unequal size. The maxilla (Pl. XII, figs. 
4, 6) is of single piece and bears a large maxillary palpus. The latter is 
four-jointed, the basal three joints being cylindrical and subequal, while the 
last joint is twice as long as any one of preceding and of cylindrical form 
with round apex. The apex of the maxilla is in most specimens set off by 
a faint transverse line, and this apical region is lightly coloured and bears 
a number of hairs and a few setae, of which one is rather prominent. 
Next this region an inwardly pointed triangular part is present, which is 
rather deeper in colour and bears a few setae. This pointed part bears a 
horny dark-coloured small process which is directed forward (in some 
specimens often indistinct). The two regions may possibly represent the 
galea. These regions are followed by another lightly coloured region, which 
is sharply pointed toward the horny process just mentioned. On its inner 
edge there is a bundle of hairs. This is probably the lacinia, and is 
followed by the basal portion (corresponding to stipes and cardo) which 
is united with the labium. Of the labium (PI. XIII, figs. 4, 8) the labial 
palpi are prominent, touching each other along the median line of the body. 
They are three-jointed, the last joint being so long as the other two joints 
taken togother. The hypopharynx (Pl. XIII, fig. 5) is spatulate, and bears 
on the anterior margin four prominent setae. The head is connected by a 
very slightly-narrowed neck to the first body segment, which bears on_ the 
lateral side near the ventral surface a chitinous semicircular ridge. (See 
Pl. XII, figs. 1, 3). The body segments are pale yellowish grey and 
bears fine fuscous spots; the intersegmental lines are rather obscure. The 
prothoracic shield is very prominent, divided by a white median line into 


two lateral parts, each with three prominent setae on the anterior margin 
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and two on the posterior; with spiracles of a peculiar structure to be 
described further on. The remaining body segments bear on the dorsum 
each an irregularly elliptical chitinous shield, which is rather insignificant 
on the 8th and 9th abdominal segments. On the second and third thoracic 
and sometimes also the following few segments this shield is traversed by a 
pale median line. Each shield bears typically a pair of larger, two of 
smaller and a fourth of still smaller setae. The large setae on the Ist— 
10th abdominal segments are pilose and annulated. The annulated setae 
on the 8th—10th are strikingly larger and are cylindrical in the basal 
portion, while the corresponding smaller setae are reduced to rudiments (see 
Pl. XIU, fig. 4). The last (10th) abdominal segment bears only a single 
median annulated seta (Pl. XIII, fig. 11). This segment bears on the 
ventral side the four-branched retractile ‘anal fork’ or ‘Haltgabel’ (PI. 
XIV, fig. 1), which is stretched out when the substratum is wet, very 
probably, as Graser has remarked, for the sake of holding the body tightly. 
Further each body segment bears typically 6 tubercles on each side bearing 
each a seta, except the largest one near the leg, on which there are two 
setae. On the first segment and the last three however these tubereles are 
more or less reduced in number (see Pl. XIII, fig. 1). The first to 8th 
abdominal segments bear spiracles of a peculiar shape, so that, with those 
of the prothoracic segment there are 9 pairs of spiracles. Each thororacie 
segment has a pair of cylindrical legs with four joints, which very probably 
represents the coxa, trochanter, femur and tarsus. Between the trochanter 
and femur, there is on the internoposterior side another small triangular 
plate, which, as far as I can see, cannot be referred to any of the 
recognized parts of the leg. The first to Sth abdominal segments are 
provided with a pair of rather small cylindrical prolegs, so that there are 
1] pairs of legs in all (see Pl. XIII, fig, 1). 

a. The larva after first moult:—The larva does not present any 
essential change after the first moult, only the annulated setae of the first 
to 7th abdominal segments are now reduced to mere rudiments (see Pl. 
XIU, fig. 13). The annulated setae of the 8th to last abdominal segments 
become comparatively small while the basal portions become relatively larger 


and oceupy about one third of the whole length, whereas in the first stage 
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they were only one fifth of the latter (see Pl. VIM, fig. 12). 

In more advanced stages no greater changes take place—only the head 
and body become darker and in later stages slightly tinged with rosy 
colour. The spiracles of the prothorax and abdomen undergo certain changes 
which are described under a separate heading. The larva becomes full 
grown in 15 days and the length of body finally reaches 10-16 mm. (See 
PID SCI) fig. 3). 

b. Number of moults: 


rufescens, by measuring the width of the head according to Dyar’s rule. 


FELY recognized seven stages in Panorpa 


I have also tried the rule on the Japanese species. I picked out from the 
cages some larvae every day, killed them in warm water and measured 
them under a microscope. The results were not so regular and constant as 
were shown by Fertr, but broadly speaking seven stages may also be 
recognized in the Japanese species. They are tabulated below and are 
compared with the results of Ferr. My measurements were made only to 


zi7 mm., as it appeared to me meaningless to carry them further. 


Measurements — Measurements Length of Age of 
by Fer. by me. body. larva. 
(ODA sou we. 3— 6 mm. birth day 
I stage 0.5625 ...... at 
(F515 ee ee 3 5 
; Ogee oF 2 
Siac ats bee See 4— 7 mm. 3—4 days 
IIT stage OPTION ts cies OMG acs: 5— 6 mm. 5—6 days 
IV stage O93T9 ~ . % ol oe a 5— 7 mm. ? 
V stage WOG2D ic pane LOS... 7—ll mm. 5—6 days 
VI < a [bee oe ae 12 mm. ? 
ag aaa (2489 at. 14 mm. t 
1.55 .. 7mm.;10—16 mm. 10 days 
VII stage POO re iatce. | LO es ircicin » 15—16 mm. 15 days 
hh.6s res i. 17 mm. 15 days 


As seen from this table, though the figures obtained are not very 
constant they can be made to fit into Frnr’s schema. If this be right the 
Japanese species goes through seven moults within 15 days, resembling in 


this respect the American species which does the same within two weeks. 
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The objections to this conclusion are: (1) The figures for each stage do 
not increase in proportion, as for example the differences between the second 
and the third, and the third and fourth are very small compared with that 
between the fifth and sixth. (2) The difference between the smallest and 
ereatest figures for the 7th stage is quite equal to that between the 6th 
and 7th. Therefore if we assume the differences between successive stages 
to be nearly constant, then we should have to recognize the 8th stage. 
But fortunately the maximum figure of the 7th stage above mentioned 
referred to a unique specimen, which must be considered as exceptional, 
since all the other specimens that had burrowed for pupation were of 
smaller size. (3) Examples of the second stage that I could obtain were 
very few (only three), although those of the next stage could be obtained in 
abundance. If this second stage be left out there would be only 6 stages 
in our species, unless we recognize in the above mentioned giant form a 
separate stage, which would give again seven stages in all. If we however 
recognize both the giant form and the second stage, then there would ke 8 
stages, which is however very questionable as a matter of fact. 

ce. Changes of spiracles:—Though the larva remains nearly constant 
after the first moult, except for size, there occur certain changes in the 
spiracles. And as we can recognize seven stages in them, the fact that 
the Panorpa larva undergoes seven moults becomes still more probable and 
at the same time we learn the new fact that the spiracles of Panorpa 
undergo definite changes in each stage. 

Speaking generally the spiracle (Pl. XIV, figs. 11, 12) of the Panorpa 
larva is of a cireular form, with a solid, dark-looking portion in the centre, 
around which a series of small oval apertures are radially arranged. Each 
aperture has a hard margin united centrally with the solid middle portion. 
These small apertures are the external openings of the spiracle. Under these 
apertures there lies a common spacious cavity, the external boundary of 
which is most probably indicated by the circular line just under the 
apertures. This cavity may internally open into a trachaea, where a single 
elliptical hole (Pl. XIV, fig. 14) is found. The prothoracic spiracle is always 
larger than the others and has more apertures. In the abdominal spiracles 


the number of apertures is not strictly constant, those situated near the 


THE LIFE-HISTORY OF PANORPA KLUGI M‘LACHTAN. 131 


end of the body having one or two less than the rest. In the first stage 
the prothoracic spiracle (Pl. XIV, fig. 9) has a diameter of 0.035 mm., and 
the middle portion is very small while the radially arranged apertures are 
very large and the septa very thin, that the entire spiracle appears as if to 
consist of single hole with radiating arms. Probably Frnr was mistaken in 
this way. But a careful examination will reveal a number of radially placed 
septa separating the apparently single large hole into many apertures. The 
abdominal spiracle (Pl. XIV, fig. 10) is similarly constructed, but is smaller, 
the diameter being 0.08 mm. In the second and third stages (Pl. XIV, figs. 
11, 12) the middle portion becomes larger and a very dark-looking elliptical 
body is present in the centre. The oval, elliptical or pear-shaped apertures 
become now far smaller and very distinct. In the later stages the middle 
portion becomes larger and larger and the apertures smaller and smaller. 
In the final stage (Pl. XIV, fig. 13) the entire spiracle becomes darker and 
the middle portion very large and a number of lightly coloured granules are 
found diffusely on it. ‘The central dark-looking body acquires now the form of 
a T or of an irregular ellipse. The apertures become very small and elongated, 
and each shows slight constriction in the middle. The diameter of the 
thoracic spiracle measures in this stage 0.14 mm., and that of the abdominal 
0.11 mm. 

The transformation of the spiracles consists chiefly in the increase of 
the number of the radial apertures. However there are individual variations 


in each stage. The results of my observations are tabulated below. 


Number of apertures Number of apertures 


in the in the 

Width of head. thoracic spiracle. abdominal spiracle.* 
9 7 
I stage Ue: ey ee hs 8 
0.55 1 
IT stage Ane elie sh etavcle.nie « 6 Lh 
19 12 
Ill stage ERGs ste weak 5 ts 13 
[20 4 


* I give the maximum number. In those near the end of the body the number may be 
one or two less than this. 
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Number of apertures Number of apertures 


in the in the 
Width of head. thoracic spiracle. abdominal spiracle. 
IV stage OST Sans. abe ee sateit Meee 17 
V stage LOS -ginde.digee wae 18 
16+ 0 
VI stage 1S: RON AOI | PE pele 

39 Bs) 

a AS ot nach aes te 0 3 38 

LAD. Mealenind Betis 45 6 

’ : 41 36 
VIT stage 1.55 ae ee cet ¥ 
; 47 Bo 


As can be seen from this table, the apertures gradually inerease in 
number with each moult, though there are some Variations in each stage. 
And as the figures obtained can be divided into seven groups, the fact that 
Panorpa larva has seven stages, as ascertained by the breadth of the head 
receives an additional support. Unfortunately however in this case, just as 
in that of the breadth of the head, some ambiguities occur. That is, 
in the 6th stage we have four pairs of different figures one of which is 
so small that it may just as well be placed in the second stage, while the 
third and the prothoracie figure of the fourth are ereater than the 
smaller pair of the 7th stage, so that only the second pair remains as 
properly belonging to this stage. The unusual smallness of the first pair 
of figures must be looked upon as an abnormality. Coming to the 7th 
stage one of the pairs of the figures is smaller than the greater one of the 
6th stage, but the other is larger than any of the 6th. Besides I could 
count some 40 to 45 apertures on thoracic spiracles of some larva of the 
7th stage, which T could not sacrifice for the sake of making a more exact 
count. For the same reason the exact number of spiracular apertures could 
not be ascertained for the giant specimen already mentioned, which must 
have possessed neary 45 openings. 

d. Habits of larva:—The larva is not very active; some time after 
leaving the egg it begins slowly to wander about, possibly in order to seek 


its food. It searches for something now and then, stopping here and there, 


+ This is very probably abnormal, 
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holding its head and antennae erected. However unless it happened to 
hatch out upon a food insect it usually does not get its prey directly. I 
have seen many larvae walking toward a quite different direction from the 
food, although the latter was placed apparently near enough to excite their 
sense organ. Wandering in this way the larva burrows into a crevice or 
sand if the latter is soft enough. The depth to which it burrows is quite 
variable, in some cases just below the surface and in some 40 mm. or more 
depth. One end of the burrow usually leads just to the edge or the under- 
side of a piece of food. Hiding itself in the burrow the larva reveals its 
head in the opening and takes its food. If some slight disturbance occurs 
it withdraws the head and hides itself in the burrow. Sometimes however 
it emerges entirely from the burrow and takes food on the open surface. I 
have given the larvae pieces of beef, fish and some injured insects, especially 
caterpillars and chrysalises, and the last seemed most acceptable. When an 
injured insect was given its cuticular part only was left on the next day, 
the contents having been entirely eaten up. Thus the food of the larva 
does not differ materially from that of imago, but whether it feeds on 
living uninjured insects is as much a question as in the case of the imago. 
So far as I have observed, uninjured caterpillars and insects put in the 
same cage with Panorpa larvae are never attacked by the latter, possibly 
because these are less active than the former. On this point FEtt’s 
observation differs slightly from that of mine, as he says :—‘ In the larval 
state they (Panorpa) are most probably predaceous and may aid in keeping 
some of the smaller injurious insect in check. In the imago state the 
evidence of the predaceous habits of Panorpa, the typically scorpion-fly, is 
not so clear as one might desire... .”’ 

If man seizés or touches the larva it rolls round and feigns death. 
Though a certain amount of moisture in the soil is necessary for the healthy 
growth of the larva it seems to avoid too much moisture and comes out to 
the surface. The older the larva the less active it becomes and in later 
stages it is tinged with a rosy colour. In 10 to 15 days after hatching it 
attains the last stage; for example, the larva which came out of the eggs 
on June 7th and Sept. 25th attained to the final stage on June 17th and 


Oct. 10th respectively. The last stage lasts for a certain number of days, 
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and the larva then begins to burrow deeper into the ground or seeks dry 
places, probably to avoid moisture, and in the case of the second brood 
which has to pass through the winter, also cold. Having found a 
suitable spot it makes a small lump of earth (Pl. XIV, fig. 5) in the centre 
of which it excavates a cell and lies rolled up in it until it pupates. In 
the second brood this state last for the whole winter. My observations on 


the point under consideration are as follows :— 


First brood 


Date of Date of attaining Duration of the 
Sex. hatching, last stage. Date of pupation. last stage. 
ae June 7/11 June 17/11 July 31/11 45 days. 
, es 3 August 3/11 48 days. 
a June 26/711 July 6/11 August 11/711 37 days. 
Second brood 
As Sept. 25/11 Oct. 10/11 May 5/12? 211 days? 
? ‘3 F, April 28/'12* 182 days. 
? “e 3! April 29/'12* 181 days. 


VI. The Pupa. 


The pupa (Pl. XIV, fig. 2) belongs to the type Pupa libera, At first 
it is ochreous white, but later it darkens and closely resembles the adult in 
colour, The entire body is curved first ventrally and then dorsally so that 
it represents the form 2. The compouud eyes are large and dark purplish. 
On the vertex the anlages of three ocelli are indicated by three purplish 
spots. The antennae are very long and filiform and consist each of 42 
joints (in one male specimen I could actually count 50 joints, owing to the 
subdivision of some of the basal joints). The mouth parts are similar to those 
of the larva but slightly more elongated, though not produced into a beak like 
that of the adult. The thoracic segments are distinct and each bears a 
few setae. Legs are very long and the joints distinct. ‘Tarsus five-jointed. 
Fore and hind wings spatulate, with well developed veins, and_ stretching 


backward as far as the fourth abdominal segment on either side of the body 


*Died in the larval stage. 
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between the second and third legs, covering a portion of the latter. At 
first they are colourless but later become darkened at the apex and _ the 
pterostigmatal regions, giving indications of the future wing-markings. The 
abdomen is conical as a whole, but each segment is cylindrical. The first 
to eighth abdominal segments are of almost equal length and are not so 
heterogeneous as in the adult; and each bears a pair of distinct spiracles. 
Near the spiracles as well as on the dorsal side there are a few setae. In 
the male (Pl. XIV, figs. 2, 3) the ninth or cheliferous segment is very 
conspicuous, the chelae being very long and stout, with the lateral portions 
uniting along the median line. Appendages very distinct. In the female 
the posterior segments gradually become more slender, and curved upward 
just as in the male (Pl. XIV, fig. 4). The terminal (10th) segment bears 
two diverging appendices, each consisting of two joints. Length 10 mm. 

a. Emergence of the adult:—Though the pupa is motionless like 
most other pupae, it makes a jerky motion on being touched, and if it is brought 
out of its burrow, this motion continues until the pupa is restored to a 
natural situation. The pupal state lasts for six or seven days. My observa- 


tions on this point are as follows :— 


Sex. Date of pupation. Date of emergence, 
ii July 31 Aug. 7 
g Aug. 3 Aug. 9 
t May 5 May 17 


As far as my observation goes the pupa comes out before the emergence 
of the adult insect from its burrow to or near the surface of the earth, 
where it casts out the pupal skin. The newly emerged insect, with all the 
characteristics of the imaginal form (with exception of its lighter colouration 
and soft body) remains motionless for a while on the ground but soon 


begins to moye about. 


VII. Generation. 


Panorpa Idugi has two generations in a year. ‘The perfect insect, 
emerged from the pupa that passed the winter, appears in May. As already 


stated, the first eggs are laid in May or June, and hatching out immediately 


136 TSUNEKATA MIYAKE: 


the larvae pupate at the end of July or the beginning of August, and the 
adult insects of the first generation appear in six or seven days. The 
entire period lasted in one case 69 days and in another case 71 days. 


They were— 


Date of egg Date of Date of Iast = Date of Date of 
Sex laying hatching ° larval moult pupation emergence Total 
$....May 31/11 June 7 June ll? July 31 Aug. 7 69 days 
er 5 5s o Aug. 3 Aug. 9 71 days 


The newly emerged insect lays eggs at the end of August or in 
September, the larva attains maturity at the middle of October and passes 
through the winter in the larval form in its burrow. At the beginning 
of May of the next year it pupates and the adult of the second generation 
appears at the middle of May. 


Date of egg Date of Date of last Date of Date of 
Sex laying hatching larval moult pupation emergence Total 


4. .Sept.18/’'11 Sept. 25/11 Oct. 10/11 May 5/12? May 17/12 251 days. 


From the above we see that Panorpa Ilugi has two broods in a year. 
And as the adult insects of other species likewise come out about the same 
time, 1 believe most of our species of Panorpa have likewise two genera- 
tions. This fact is mentioned neither by Braver nor Fetr. Though it is 
somewhat hazardous to assume that the observations made on Japanese 
species apply to foreign species, still considering the duration of larval life 
in the European species, it is highly probable that the latter are similar to 
our own in this respect. This supposition agrees well with the statement 
in Breum’s “Tierleben” (Bd. 9, p. 498, 1877),—“ Weil durchschnittlich 
neun Wochen zum vyollstaindigen Verwandlungen gentigen, so werden yom 
Irscheinen der ersten Skorpionfliegen anfangs Mai zwei Bruten sehr gut 


3) 


moglich—.” The same applies in my opinion also to the American species 
(P. rufescens), as not only the date of appearance of the larva does not 
greatly differ from our species but the further metamorphosis is supposed 
by Frnr to proceed “in nearly the same manner” as actually observed 


by Braver in European species. 


EE 
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VIII. A Few Remarks on Generic and Spscific Characters. 


As can be seen from the above, the morphology of the larva and pupa 
of our scorpion-fly is essentially quite like that of the European and Ameri- 
can species, and such differences as are found between the larvae of Panorpa 
and those of other genera, such as DPiltacus and Boreus,* cannot be 
observed between the Japanese and the European species. So that the 
formation of a new genus, Avlops, for the Japanese species, which ENDERLEIN 
proposes on the basis of the difference of neuration must be said to be 
unjustified, since the neuration itself is, according to myown observations,** 
subject to variation, ENDERLEIN’s Avops has therefore at most a subgeneric 
value. 

The breeding experiments on Panorpa klugi brought out the fact that 
the character regarded by M‘LAcuan as of specific value is a_ peculiarity 
‘of =the first brood. J may therefore supplement the discussion — of 
specific characters by describing some varietal forms. In the vicinity of 
Tokyo, in my breeding experiments, the first brood showed the type form 
of klugit. But in many other localities, as for example at Hakone, I have 
found only the form which must be referred to the second brood in the later 
season when the first generation should be found. I eannot therefore be 
certain whether the type form of /7ugi is of seasonal or local character. At 
any rate the other form should be recognized as a new subspecies, which is 
very variable in itself as Panorpa nipponensis Navas and P. brachypennis 


Miyake now seem to be only a varietal from of it. 
Panorpa Klugi M‘Lacutay. 
Trans. Ent. Soc. Lond., 1875, p. 185. 
Subspecies nigra nov. subspec. 
Panorpa nipponenis Navas, Mem. R. Acad. Ci. Bar. vol. vi., no. 25, p. 
20 (1908). 
Panorpa brachypennis Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. 
viii, p. 9, pl. 1, fig. 6 (1908). 


*Braver described the larvae of Bittacus and Borevs in the paper quoted before, 
**The facts will be published in my further paper. 
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Body totally black (rarely piceous black on the 6th to 8th abdominal 
segments) ; legs testaceous. The general form of body as in the type form 
of Ilugi. Appendages of male rather shorter and more divalicate than in 
klugi. Wings very broad, moderate or narrow, apex rounded, with yellowish 
or more commonly testaceous yellow. Markings extremely variable: in some 
cases marked as in the type form of klugi, that is “a narrow black fascia 
beyond the middle, and a broad black apical space, both with sharply 
defined edges, one (sometimes two) small spot before the fascia, and 
frequently with a small spot on the inner margin between the fascia and 
the apical portion”; more commonly this latter small spot is obscure and 
the outer or inner or both margins become very irregular; sometimes 
the outer margin of fascia is fureate in its middle, forming a short branch, 
which often ends posteriorly on the hind margin (the form nipponensis and 
brachypennis); sometimes the fascia is very broad as in japonica. The 
apical dark portion is usually very broad and the inner margin is mostly 
sinuate. 

Expanse 27 mm.—35 mm. Type: a series of specimens in the Agricul- 
tural College. 

Possibly of general distribution in Japan. I have captured many 
specimens at Inokashira near Tokyo in May and June; on Takao-yama near 
Hachioji in May; at Hakone in July, August and September; at Nikko 


in July and August 


in different years. Besides I have obtained 
many examples from various places, especially a good series from Echigo 
collected by Mr. HaraxeyamMa on Mt. Gozu, June *10 and from Kii collected 
by Issutxt on Mt. Iwawaki, Aug. 10. 

Some of the specimens are very closely similar to those of japonica, 
but may above all be distinguished by the testaceous tinge of the wing 
and small size. 


May 1912. 
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EXPLANATION OF PLATES. 
PLATE XII. 


First stage larva, lateral view. (x 46). 

Do., dorsal view. (x 46). 

Last stage larva, lateral view. (x7). 

Head of first stage larva, ventral view. (x 86). 
Hypopharynx of do., vent. view. (x 130). 
Right mouxilla of do., vent. view. (x 130). 
Right mandible of do., vent. view. (x 80). 
Labial palpi of do., vent. view. (x 130). 
Right antenna of do. (x 300). 

Right eye of do. (x 320). 

Annulated seta of last abdominal segment of do. (x 200.) 


Do. of last stage larva. (x 80). 


Aborted annulated seta of first abdominal segment of third stage larva. 


Two kinds of setae found on first stage larva. (x 500). 
PLATE XIV. 


Four-lobed anal fork of first stage larva, ventral view. (x 65). 
Male pupa, lateral view. (x7). 

Cheliferous segment of do., vent. view. (x about 8). 
Terminal segments of female pupa, lat. view. (xabout 7). 


Lump of earth made by larya It is partly broken off in 


central burrow, within which the larva has to pupate. (x3). 


Fig. 6. Egg. (x42). 


Fig, 


Fig. 


Us 


Aspect of egg just before hatching. (x 23) 


order to show 


1 


( x 320). 


39 


the 


8. A flower of Silene Armeria, a petal of which is partly injured by adult Panorpa. 


+ indicates the injured part. (Magnified). 


Fig. 
Fig. 
Fig, 
Fig. 
Fig. 


Fig, 


9. 
10, 
1 
12. 
13. 
14, 


Thoracic spiracle of first stage larva. (x 700). 
Abdominal spiracle of do. (x 700). 
Thoracic spiracle of third stage larva. (x 700), 
Abdominal spiracle of do. (x 700). 


Thoracic spiracle of last stage larva. (x 320). 


Internal opening of spiracle into trachaea, of last e larva. (300) 
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On the Life-History and Cytology of a new Olpidium 
with special Reference to the Copulation 
of motile Isogametes.' 


BY 


S. Kusano. 


With Plates XV-XVII and one Figure in the Text. 
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I. Introduction. 


In the vicinity of our College a parasitic fungus furiously attacking 


> 


Vicia unijuga Al. Br. (“ Nantenhagi” in Japanese) has for some years been 
attracting my attention. Its annual occurrence at the same place, vegetat- 
ing throughout the months from April to July, enabled me to study its life- 
history to the best advantage. I now propose to include it in the genus 
Olpidium of the Chytridiales, but as a species not yet described. 

The chief object of the present article is to give an account of the 
zoospore copulation and the development of the resulting zygote of this 
fungus. 

In the fungi, the copulation of motile isogametes has hitherto received 
no special attention, and notwithstanding that a few instances have already 
been given, our knowledge of this phenomenon is still in an unsatisfactory 
state. The first observer of this phenomenon was Soroxm (’74) who 
described, in his new genus Tetrachytrium of the Chytridiales, the mycelial 
vegetative body as derived from the zygospore resulting from the zoospores. 
Ten years later, Fiscu (’84), establishing a new genus Reessia among the same 
class of fungi, observed the formation of the zygote by copulation of the zoospores 
and its development, after infecting the host, into the resting sporangium. 
He reported the same fact also in Chytridiwn Mesocarpi Fisch (ef. 
FiscuHer, ’92, p.126). Unfortunately the results of these older investigations 
made more than twenty years ago, very interesting as they may be, have 
not received a wide acceptance, on account, as FiIscHEer (92) insists, of an 
apparent lack of continuous observations and of cytological evidences, or 
from the consideration that no one has since then succeeded to confirm them, 
or to find these fungi for reinvestigations. 

At our present state of knowledge it appears possible to forecast the 
existence of this kind of the sexual act in the primitive fungi, supported by 
the fact that it is of wide-spread occurrence in the algae of similar rank, 
to which the former are considered to bear a close affinity, and by the 
fact that similar primitive sexuality is universally known in the Protozoa. 


Such a view seems to have been born in mind by the authors on the 
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Chytridiales ; thus Worontn (78) in Olpidium Brassicae, Cuarron and 
Bropsky ('09) in Spherita, and Prrctvan (10) in Synchytrium endo- 
bioticum, all, however, missing the direct observation of the copulation. 
This view was recently brought to light by Gnricas’ (10) cytological study 
on his new genus Jonochytrium, revealing the fact that the binucleate 
resting spore is formed by the fusion, according to his interpretation, of two 
amoebulae invading the host-cell. 

The planogamete copulation in the lower fungi would afford a subject 
of the deepest interest. For in establishing this fact, the parallelism of the 
evolution of sexuality in the fungi and algae, which has hitherto been apparent 
in so far as the somewhat advanced process of sexuality is concerned, can 
be justified farther down to the level of the most primitive and simplest sexual 
process, and it will thus give a basis to the study of the phylogenetic relation- 
ship among the lower fungi themselves, or between them and the algae. 

In treating the subject under consideration an attempt has been made 
to record fully the life-history of the organism, with which I am concerned, 
in order on the one hand to make the results I reached free from such 
serious objections as have been made against previous investigations on the 
same subject, and on the other to supply sufficient data to competent 
observers for. jadging whether my identification of this fungus is correct 
or not. I have studied, therefore, the living material repeatedly for a 
succession of two years in differing seasons. The inoculation of the host 
erown in pots enabled me to carry on daily observations in the laboratory 
room. As material for observing the germination the resting sporangia were 
collected in autumn and left throughout the winter months outdoors, submit- 
ting them as much as possible to the natural conditions of environment. 
The investigation on the living material was completed with the cytological 
study on the fixed material obtained from both the field and the inoculated 
pot plant, 

I am now compelled to give first a somewhat tedious description of this 
singular organism, not only for the reason that it would be of some value in 
itself, but also from the point of view that it may fill a certain gap of our know- 
ledge relating to Olpidium, of which a complete account, comprising both the 


life-history and the cytology, has not, so far as I know, been given hitherto. 
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The material for cytological study was collected from time to time during 
1905—1911 and was fixed in FLEMMING’s solution and acetic sublimate, and 
stained with HrmENHAIN’S iron alum haematoxylin and FLEMMNG’s triple 
stain. The presence of a heavily stainable oily matter in the resting 
sporangium has often prevented a clear differentiation of the nucleus. To 
make a satisfactory slide with it I put the section previous to staining in a 
mixture of one part of carbon bisulphide, one part of ether, and two parts 
of absolute alcohol. This treatment was somewhat effective in leaving out 
the stainable matter from the cytoplasm, as previous authors already found 


in staining sections of zygotes. 


II. Zoospores. 


Shortly after a piece of the diseased part of the host is brought into 
water a large number of zoospores are easily liberated from a mature spo- 
rangium found therein. ‘The zoospore is a colourless body containing a few 
shining granules in the central portion. During active movement it takes 
on an oval form with the narrower end directed forward, measuring 6-7 pz 
in length and 5 yw in breadth; but, becoming sluggish, it assumes a spherical 
form (Pl. XV, Fig. 1). Each zoospore is provided with a long posterior 
cilium, nearly 5 times the length of its body. The swimming in smooth 
long curves or in swift-gliding motion without a remarkable rotation of the 
body is due to the very rapid fish tail-like motion of the cilium. With the 
zoospore assuming a spherical form, after being fatigued from swimming, the 
movement of the cilium becomes slow, and its lateral bending causes a 
jamping movement to the body. 

On several occasions abnormal forms of the zoospores came under my 
observation (Pl. XV, Figs. 2,5). There are often larger zoospores than the 
average size. ‘They are mostly multiciliate, the number of cilia increasing 
with the size of the body. The multiciliate form is usually spherical and 
exhibits a rotating movement. It is a compound spore developed by 
omission of the final division in fashioning the typical zoospore, and perhaps 
containing as many nuclei as cilia. 


The swarming period of the zoospores varies considerably. In most cases 
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the newly hatched spores under a cover glass, at different days and hours, 
come in greater part to rest within 10 minutes (often 20—30 minutes). Only 
those zoospores which remain within the sporangium can swim about for a 
longer time (3 hours or more), as Burier (07) observed in Pleolpidinm 
(p. 122); some of them which during this time happen to escape come 
soon to rest and round off. The cause by which the spores within the spo- 
rangium can maintain their active movement for a longer time is not clear, 
but we think it very probable that a duration of activity would give them 
a better chance to escape. 

The swarming period depends largely upon the temperature of the medium. 
When it is raised to 27°C., all the zoospores come soon to rest, while those 
kept in a cool place below 15°C. are almost all as active after 5 hours, in 
both diffused light and darkness, as at the beginning of liberation. Accord- 
ing to Rosen (87), the zoospore of a certain Chytridiales swims for 44 
hours. In our species it was observed under favourable conditions to 
continue the swimming movement for 2] hours. 

Most of the zoospores observed under a cover glass begin to disorganize 
as soon as they come to rest. The rounded body at rest swells up, giving 
to its periphery a hyaline appearance, and then it ruptures, setting free 
the central granular contents. Sometimes it assumes an irregular form 
before complete disorganization. The first indication of the disorganization 
is the deformation of the cilium (Pl. XV, Fig. 4). At first its free end 
contracts into a small nodule. With the shortening and thickening of the 
cilium the nodule is drawn back to the body, while increasing its size, and 
finally attaches directly to the swollen body. In the zoospore of Chytridium 
Zygnematis (Rhizidinm Zygnematis according to Fiscurr, “92), Rosen (87) 
reported that the cilium forms a hoop which becomes so delicate and hardly 
visible as to make it impossible to determine its further fate. The nodule 
resembles in appearance the hoop mentioned by him, but from what I could 
observe I do not doubt in believing it to have been derived from a contrac- 
tion of the cilium. The cilium contracted in this way is resorbed into the 
body, as was observed in the Flagellata by Sxnico (’86, p. 175). 

The surviving active zoospores, after continuous swimming movement 


for shorter or longer periods, stop suddenly upon the substratum; then they 
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undergo an amoeboid deformation, sometimes creeping over the substratum, 
or they adhere to it with a pseudopodium-like process protruded from the 
head; and shortly after, attempting to detach from the substratum by a 
shaking movement, they dart away rapidly as soon as they are freed. Be- 
fore coming to final rest they repeat this process several times. 

A similar behaviour is already known of the zoospores of several other 
members of the Chytridiales. In some species the retraction of the cilium 
was observed during the amoeboid movement (Butter, ’07, p. 120), but this 
is not the case in our fungus. 

The zoospore which has come to final rest soon begins to encyst 
itself (Pl. XV, Fig. 5). The encystation takes place in most of the spores 
resting upon the surface of the host, and, under favourable conditions, even 
in those which have attached to the cover glass or slide. The body now 
becomes quite spherical, while the cilium still continues its swinging move- 
ment. Gradual contraction of the body takes place, changing its appearance 
from a granular to a refringent and homogeneous state (Pl. XV, Fig. 6). 
In the meantime the movement of the cilium, though becoming gradually 
slower, is yet clearly seen under the microscope. The cilium, during a very 
slow bending movement, often appearing to twist round the body, escapes 
suddenly from our sight. Even with careful repeated observations, I was 
not able to follow exactly the fate of the cilium at this instant. The 
sudden disappearance shows most probably that it is thrown off from the 
body, without any previous deformation, At any rate it can be stated that 
the fate of the cilium is here different from that confirmed during the disor- 
ganization of the zoospore. 

At the time the cilium is lost, the body appears more compact than 
before (Pl. XV, Fig. 7). A distinct membrane is then precipitated round 
the body, with which the encystation process is closed. The encysted spore 


assumes a glistering globule. 


III. Copulation of the Zoospores. 


During my daily observations on zoospores liberated on the slide it was 


quite usual to find them in the act of copulation. As it is a phenomenon in 


ON THE LIFE-HISTORY AND CYTOLOGY OF A NEW OLPIDIUM, ETC. 147 


the fungus group worthy of special attention and as it also seems highly 
desirable to get a comparatively accurate knowledge of it, IT made a closer 
observation with the material from more than a hundred different sources. 
As showing a general behaviour of the zoospore during the course of this 
process, I shall give first in the following notes one of the cases recorded in 
my laboratory notes. 

On May 3, 1911, a piece of diseased leaf carrying mature sporangia, 
after having been washed repeatedly with water, was introduced into the 
distilled water under a cover glass. Within a few minutes the zoospores 
began to escape abundantly from the sporangia, and after 10 minutes from 
the beginning copulation took place among them. Many spores were 
seen to come to rest on the cover glass, attaching with a pseudopodium- 
like process to the glass and deforming their body (Pl. XV, Fig. 9). They 
then swam away and again stopped to creep over the substratum in an 
amoeboid form. During the creeping movement two spores often met 
each other and kept closely together for a few minutes, both deforming their 
body. ‘There was observed that one of them began to move the cilium 
rapidly and darted away, then the other did the same. I could observe 
also that three or more spores came closely together, separating after a 
short interval of time. In the meantime several pairs of the zoospores were 
found under the microscope to undergo an actual fusion (Pl. XV, Fig. 10). 
They were kept in contact for 5—10 minutes with a wide surface of the 
deforming body till the fusion began. On the surface of the body I could 
ascertain no such definite fusing point as may be seen in planogametes of 
the algae. The plasmic membrane was broken at any point of contact 
(Pl. XV, Fig. 11), and then the fused surface was so widened that a single 
plasmic mass resulted from the two bodies. This process lasted mostly 
from 1 to 2 minutes. The fused mass exhibited a prominent amoeboid 
deformation and movement, sometimes becoming a round mass with an 
irregular outline, sometimes stretching in one direction and then contracting 
and bending (Pl. XV, Fig. 12). At this stage the cilia were distinctly 
visible, but remaining functionless. After 5—10 minutes it assumed a round 
form, attaching with its pointed apex to the substratum (Pl. XV, Fig. 13), 


began to move the cilia rapidly and darted away in free movement. 
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The motile zygote thus formed is spherical or elliptical, resembling the 
zoospore in motion (Pl. XV, Fig. 14). The presence of two cilia in the 
zygote, often in different or opposite directions, induces a rotation to the 
body and a swimming movement in an irregular path. 

The behaviour of the zygote is essentially similar to that of the  zoo- 
spore ; swimming for a few minutes it comes to rest (Pl. XV, Fig. 15) and 
begins again an amoeboid movement for a few minutes (Pl. XY, Fig. 16), 
and then the swimming movement is repeated (PI. XV, Fig. 17). So that, 
in case the zoospore and the zygote are found mingled together in the 
medium, as is quite usual, a distinction between them should be scarcely 
possible, if we take the size, the number of cilia, and the mode of move- 
ment—characters all so little distinct indeed as to be overlooked—out of 
consideration. 

After about one hour from the first swimming movement, the zygote 
comes to final rest (PI. XV, Fig. 18), and the encystation ensues in quite 
the same manner as in the zoospore (Pl. XV, Fig. 19). The encysted 
zygote is smaller than the swimming one (Pl. XV, Fig. 20). 

The above account of the copulation process and the behaviour of the 
zygote was based on the observation with those zoospores which had been 
previously at an active movement for some time and came to rest on the 
cover glass or slide. However, with the zoospores crowded together after 
swimming for a moment on the surface of the host near the sporangia from 
which they escaped, the copulating and encysting process is much more simplifi- 
ed. The gathering of the zoospores at a short distance from the sporangia 
is probably due to less activity, on account of which they are incapable of 
traversing a wide space, rather than to a certain attracting action exercised 
by the host. As they mostly lie in close contact with each other, the 
copulation is effected easily among them, without the swimming movement, 
in order, so to speak, to find their mates. The zygote thus formed may 
undergo, as in the former case, more or less deformation, but the swimming 
movement is omitted and the encystation follows immediately as if to hasten 
the infection. 

MECHANISM OF THE CopunatTion. No external difference can be recognied 


hetween the copulating zoospores. But from the fact that any two spores 
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coming into contact are not always induced to fusion, but, after attempting 
it for a few minutes, may detach again from each other, it appears highly 
probable that a certain internal differentiation is called forth in becoming 
the gamete. Such differentiation, if it does exist, may take place not only be- 
tween the zoospores from different sporangia, but also, as has been observed, 
between those derived ‘from the same sporangium, as ascertained in the 
lower algae, for instance Chlorochytrinm Lemnae. Althoug the first act 
leading to the copulation is to bring the gametes closely together, there is 
no attracting action between them. Based on my accumulated observations 
it can be stated that the meeting of the gametes is quite occasional, taking 
place during their swimming or creeping movement. So that there may 
occur a meeting of zoospores, between which no sexual affinity exists. 

The assumption of the existence of a certain period or age in the 
zoospore, at which copulation is possible, can be drawn from several 
facts relating to the conduct of the zoospore. Two actively swimming 
spores may frequently happen to meet each other, but they do not 
show any indication of copulation or of such tendency, and seem to hasten 
on in their passage. When an actively swimming spore meets another 
spore resting on the substratum or during the creeping movement, it 
continues its onward movement in some cases, appearing quite indifferent to 
copulation. It is observed that to ensure the copulation both gametes must 
be at a state in which they are capable of a creeping amoeboid movement. 
The young, or newly hatched zoospores are in a continously and_ actively 
swimming state, and are ineapable of coming to rest at any desired time, but 
the older ones are disposed to come easily to the creeping state. It is the 
latter zoospores that can stop from swimming when dashed against a 
creeping one and ean fall soon in a similar condition as its mate and enter 
into copulation. However, it is not necessary in all cases, that such a 
preparation should be commenced first after coming into contact. Several 
times I could observe that two creeping spores lay closely together but 
apparently did not touch, and came by a mere chance into contact with a 
narrow surface during their random movement. Reacting prehaps to the 
contact stimulus, they were drawn more closely and widened their contact 


surface. 
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The responsibility to the contact stimulus, leading to the fusing pro- 
cess, may be a character possessed by all the gametes, or perhaps even by 
the zoospores, When they arrive at a certain stage of their swarming period. 
We may now assume that this character can bring the gametes sometimes 
to an improper and sometimes to a proper pairing for fusion. By the improper 
pairing no breaking of the plasmic membrane of the gametes can take 
place, inspite of their endeavouring, so to speak, to find a breaking point on 
their surface, which I conceive from their gliding movement for a few 
minutes along the contact surface. I have to attribute this unsuccessful 
fusion to the absence of sexual affinity between them. 

When more than two spores come into company, their behaviour in this 
sexual action is more interesting. It is a frequent occurrence that a pair of 
spores, while vainly attempting a fusion, receive unexpectedly another spore 
which soon comes to concern itself with the same matter. The three spores 
keep together in close contact for some time, exhibiting a gliding movement 
among them (Pl. XV, Fig. 10). We then see the fusion taking place 
between one of the previous two and the third spore (Pl. XV, Fig. 11). 
While the fusion is proceeding, the other member of the original pair, which 
has been endeavouring to fuse, begins to separate from the other two, 
and regaining its original form, swims rapidly away. In other cases three 
spores in contact are unsuccessful in their attempt to fusion between any 
two and finally depart in an amoeboid or an immediate swimming movement. 

From what has been stated above it will be seen that the sexual action 
in the present case is at an exceedingly primitive state, and in reality a 
sexual distinction between the gametes is still obscure. What we can 
conceive here of sexual affinity existing between the zoospores, or properly 
gametes, seems certainly to be nothing else than a definite condition of 
tension of the plasmic mass. ATKINSON (’09 a, p. 332) observed in Lageni- 
dium vabenhorstii Gopt an oceasional conjugation of zoospores as being due 
to the variations of tension. He considers that the want of fresh water in 
the medium comes into play in this case. The matter is more complicated 
in my case and no evidence can be found for assuming that the water in 
the medium has any concern with this process. 


THe Conprtion or Coputation. In the first part of the series of observa- 
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tions I could not confirm the copulation, but when I had succeeded in 
seeing it, I saw it at nearly all of the observations carried on for 
more than two weeks from the beginning of May, 1911. From what 
follows it seemed clear that in some cases the copulation took place easily, 
while in others it was difficult to be observed. This remarkable fact leads 
us to the inquiry as to this variance of the behaviour of the zoospores taken 
from different sources. It does not appear that the gametangium and_ the 
zoosporangium are morphologically differentiated and further the gamete, 
following the general rule, is incapable of developing into a_ parasitic 
individual without copulation. In fact, the sexuality is here too primitive to 
manifest such a differentiation. Hence what we wish to deal with is the 
point whether the copulation is influenced by external conditions. The 
experiments carried out with this view are as yet unsatisfactory and the 
results are consequently incomplete, but I venture to record them in that 
state, as affording a suggestion for further investigation. 

Among the lower algae, in which motile isogametes are known to occur, 
it has already been proved by experiments that the zoospore may function as 
an asexual form or a gamete, according to external conditions (temperature, 
nutrition, light, ete.) (ef. Lorsy, O07 ; OLTMANNs, °05). 

In Protosiphon, for instance, the zoospores are induced to copulate when 
exposed to 1—24° C., while not in 25—27° C. In my experiments carried 
out on differing days, the temperature on some days was 15° C. and rose till 
22?C. on other days. Within this range of temperature the zoospores 
liberated in the distilled water, which contained a small piece of the host 
tissue and to which new water was added several times during the con- 
tinuance of the experiment, did not show such difference in their behaviour 
as could be attributed to the change of temperature. On the other hand, 
at the same hour of the day, and consequently under the same temperature, 
the zoospores from certain sources copulated easily and in great abundance, 
while those from other sources were tardy to copulate or appeared quite 
indifferent to this process. The copulation took place as well below 15°C, 
as in 22°C. So far with these insufficient observations the relation between 
temperature and the copulation could not be conclusively determined. 


The occurrence or non-occurrence of the copulation was quite unaffected 
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whatever the medium was, distilled water, tap water, or water containing 
substances diffused out of the host tissue introduced into it. 

I then proceeded to compare in this respect the zoospores from those 
sporangia which had just attained maturity with those mature ones 
which had been inhibited for a certain time to dehisce. The former 
zoospores could be obtained from the diseased spot, on which water was 
poured the preceding day to make all the mature sporangia liberate the 
zoospores and thus to leave on the spot only immature sporangia, whose 
whole surface soon dried and kept so till the next day. The zoospores to 
be liberated from the same spot a diy after this treatment should be those 
developed in a sporangium that had just come to maturity. To prepare the 
latter zoospores the host plant was brought into the room and its diseased 
spot containing apprrently mature sporangia realy to rapture, whenever 
water is supplied, was kept dry for 1—3 days until it was used for the 
experiments. The host-cells of these sporangia during these intervals became 
brownish throughout the wall as well as the protoplast, showing inactivity or 
death, notwithstanding the sporangia might remain alive waiting for water. 
Having treated the zoospores from both sources under the same external condi- 
tions, we could observe a somewhat distinct difference in their action of 
copulation. Those from the older sporangia appeared more active and, 
repeating the creeping movement more frequently, showed as if to be very 
busy in their business. The larger percentage of them went into the forma- 
tion of the zygote. On the other hand, those derived from the younger but 
just matured sporangia were somewhat dull in movement, the creeping move- 
ment was far less frequent, and the resting condition followed soon. In 
the majority of cases the copulation was exceedingly rare or not observed. 

The inhibition of the discharge of the sporangium, leading it to sur- 
vive in an inactive host-cell, would seem to affect the nutrition of the 
zoospore origins unfavourably, so that the zoospores formed under such 
condition may be considered to be in a hungry state. Therefore, I now 
come to advance provisionally the view that the copulation is induced by 
insufficient nutrition or hunger, to which the zoospore origin is brought. 
This view is in agreement with facts already ascertained in the motile 


isogamtes of some algae. 
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How far this view can be held true in the normal course of the fungus 
development in the field will be considered under the heading “ The resting 


sporangium”’ to be given later in the present paper. 


IV. Infection. 


After encystation the zoospore and the zygote present quite a similar 
phase of further development up to a certain stage. They go soon to infect 
the host-cell. The mode of their infection accords mainly with that present- 
ed by other members of the Chytridiales (Burien, 07; Zorr, ’84). It begins 
with the germination. On the surface of a cover glass or slide, upon which 
they have encysted, they produce 2—38 hours after encystation a_ short 
process, with which they adhere to the substratum. Their content is then 
contracted in an irregular mass, leaving between it and the wall a_ clear 
space (Pl. XV, Figs. 8, 21). Without further developmental change the 
contracted content becomes disorganized later and finally breaks down, the 
wall, however, remaining intact and distinct. On the other hand, when they 
occur on the epidermis of the host plant, the process on their surface fune- 
tions here as the infection tube and its apex proceeds to perforate the 
epidermal cell. The plasm of the spores migrates through this tube into 
the host-cell (Pl. XV, Fig. 22). The naked spherical plasmic mass thus 
passed out of the wall remains for 10—20 minutes attached to the apex of 
the infection tube (Pl. XV, Fig. 22c), then, being freed, it moves away 
into the plasmic membrane of the host (Pl. XV, Figs. 22, 24). On the 
emptied wall of the spore the infection tube can be seen as a shining 
process. The wall and the tube can remain intact for a long time. 

We observe in the encysted zoospore, and perhaps also in the eneysted 
zygote, an abnormal mode of germination, in case, it seems, the condition 
is unfavourable for infection. On applying to the trichome of the host or 
to the bottom of the medium, it sends out a longer or shorter germinating 
tube as a hyphal filament (Pl. XV, Fig. 23). I did not ascertain whether 
the filament effected the infection or not. J could find only a few filaments 
whose apices pushed against the wall of the host, which might show the 


posssibility of perforating it. 
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In other cases there was found a thicker and shorter tube than the 
aboye mentioned filament, which perforated the wall of the host and in which 


the plasm of the spore was accumulated as an elongated mass. 


V. Endophytic Development. 


All the individuals of the fungus, soon after infection, are as a rule 
brought closely to the surface of the host nucleus, where they commence 
their growth as spherical bodies (Pl. XV, Figs. 24, 25). No amoeboid or any 
other deformation is ever observed at all. As to the approach of the fungus 
bodies to the host nucleus, it may perhaps be approvable to assign it to the 
active movement of the fungus reacting to the chemotactic stimulus exerted 
by the nucleus. However, my continuous observation points otherwise. 
Watching an infecting spore I found that, as soon as the migrated plasmic 
mass detached itself from the infection tube, it moved rapidly along a 
plasmic string towards the lateral side of the host-cell across a_ certain 
distance, and applied to the wall at the opposite side to the nucleus (Pl. 
XV, Fig. 24%), So rapid a movement is due, in my opinion, to the gliding 
action through the string. It then moved slowly along the lateral wall 
towards the nucleus, but advancing half the way it retreated some distance 
and stood there for a time stationary. This is evidently a floating movement 
‘arried on by the plasm of the host, in which it lies embedded. During the 
retreating movement of the fungus I actually saw the reversal of the plasmic 
stream. Thus, being transferred by the plasm, it can finally be brought into 
contact with the nucleus. After attaching to the nucleus it becomes free 
from the conveying action of the stream. It seems very probable that in 
bringing the nucleus and the fungus bodies together adhesion plays an 
important role. 

The growth of the fungus body is very rapid. Under favourable 
condition of the host-cell it was observed to attain nearly twice the diameter 
of the zoospore when examined 18 hours after infection (Pl. XV, Fig. 25). 
In the subsequent development its diameter is on average doubled each day, 
for the sueceeding 3—4 days (compare Figs. 25-28). Hereafter the growth is 


not uniform in all individuals, being influenced by the spatial relation (the 
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size of the host-cell and the number of individuals occurring in one host- 
cell). When one or two individuals occur in a large host-cell, the space is 
yet sufficient to allow an unrestricted further growth, while it becomes soon 
oceupied by the fungus, when numerous individuals occur in company. This 
spatial difference gives rise directly or indirectly to the difference of the 
maturity period, sooner with individuals in company (Pl. XV, Fig. 31). 

Until 3—4 days after infection the fungus body, whether originated from 
the zoospore or the zygote, grows all at the same rate and in the same ap- 
pearance, being globular and coarsely granular. It is at the subsequent stage 
that we can recognize its further fate to develop either into a zoosporangium 


or 2 resting sporangium. 
A. ZOOSPORANGIUM. 


The fungus body developing into the zoosporangium grows in a spherical 
form as far as the space in the host-cell admits. When it enlarges so much 
as to strike against an obstacle, i.e., the wall of the host or sister individuals, 
it deforms accordingly (Pl. XV, Fig. 29). When it occurs singly, the 
growth goes on unrestricted till it occupies almost wholly the cavity of the 
host-cell, and consequently assumes the same form as the latter (Pl. XV, 
Figs. 31-34), while the aggregated sporangia acquire generally a polygonal 
shape from compression. On account of this cireumstance the size of the 
mature sporangia varies in an exceedingly wide range, the maximal size 
attaining to as large as the host-cell (1204), while the smallest one is 
201 in diameter. 

When the. fungus body is approaching its maximal growth, a membrane 
appears on its surface which, becoming gradually distinct, differentiates into 
a hyaline sporangium wall. 

At an early period of growth we recognize in the body a less dense 
central portion showing a vacuole, but in surface view of the living specimen 
it is difficult to decide whether the vacuole is sharply delimited from the 
surrounding cytoplasm. This stage is followed by the disappearance of the 
vacuole, whereas the cytoplasm is distributed uniformly but in a_ loose 
reticulum. Approsching maturity there appears a distinct regular network 
of fine granules (PI. XV, Figs. 30, 32a, 33), and shortly before the liberation of 
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the zoospores this structure is replaced by a homogeneous mass of finely gra- 
nular consistence (Fig. 320). This stage is immediately followed by the 
final fashioning of the zoospores (Fig. 32c). 

At the time the sporangium is about to assume the network of 
eranules, it begins to develop on its wall the beak or exit tube, whose 
apex, penetrating the host wall, comes outside as a papilla. It is so orientat- 
ed as to occur invariably on the side facing the free surface of the host-cell. 
On surface view (Pl. XV, Figs. 33, 38, 40) the beak presents two con- 
centric rings. The space between them is somewhat refractive. The 
refracting portion assumes in side view (Figs. 37, 89) a convex lens. It 
arises, as FrscHer (82, p. 327) observed in Sozella, from the swelling or 
velatinization of the sporangium wall, the outer ring showing its boundary 
and the inner one the basal outline of the protruded papilla from the centre 
of the swollen portion. Tater the swollen portion is dissotved just under 
the beak and leaves a hole, when the beak ruptures, as an exit for the 
ZOOSPOres. 

With chlorzine-iodine the sporangium wall takes on a faint blue or 
violet colour showing the cellulose reaction, but we recognize a more or less 
yellowish tint. The cellulose reaction is more apparent on the swollen 
portion. 

The beak is exceedingly short. Its apex becomes swollen (PI. XV, 
Figs. 39, 40), when the zoospores are ready to escape, and its sudden 
rupture causes a large mass of the zoospores to migrate out of the sporangium 
at once. 

Among aggregated sporangia in a single host-cell there may oceur those 
which cannot come into contact with the outer wall of the host and con- 
sequently are not able to develop the beak in the normal way. These 
sporangia elongate more or less till their tapering end strikes against the 
host wall and develops into a beak (PI. XV, Fig. 31). 

The number of the beaks to be formed on a sporangium is not 
constant. Tn smaller sporangia, either found ageregated in a larger host- 
cell (Fig. 35) or singly in a smaller one, only a single beak is developed 
as a rule, but in larger sporangia we find many beaks, commonly 4—5, and 


oecasionully 6—7 in each (PL XV, Figs. 38, 34). Tn either case the escape of 
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the zoospore takes place through one beak. This is due, in my opinion, 
to the possession of the different resistant power of the gelatinized beaks to the 
increasing osmotic pressure exerted by the sporangium coming to dehisce. 
Although all the beaks may be functional, it will be rather rare that they 
all possess quite an equal resistant power and consequently are broken 
simultaneously. I could observe only once that the zoospores escaped at the 
same time through the three beaks which had been broken simultaneously. 
In most cases the rupture of one beak makes the other beaks remain intact 
and functionless. 

The manner with which the zoospores are expelled is somewhat variable. 
As a rule, the sudden rupture of a beak causes a large mass of zoospores to 
come out at once, which can dart away instantaneously in different direc- 
tions, while the remaining ones pass out through the beak one by one con- 
tinuously, appearing as if they are carried outside the sporangium by a 
streaming action. Under a favourable condition the sporangium becomes 
quite empty in 2—3 minutes. There often remain a few spores till a few 
hours later, incapable of finding the exit and finally becoming motionless. Some- 
times the discharged zoospores are found bound together into a mass at the 
front of the beak, which has a rotating movement and from which each spore 
is freed one by one until all are dispersed in the medium. Often it is observed 
that a similar mass of zoospores remains for a while motionless, then it 
begins rotating and breaks up into separate active zoospores. In this 
case it appears to show that the spores are bound together by a certain 
substance like mucus as assumed in some Chytridiales. But it is not 
a fact; I take it as due to the entanglement of still immovable cilia. 
It is highly probable that at the time of discharge the zoospores may be in 
active or inactive condition, according to whether the osmotic pressure in 
the sporangium causes later or earlier rupture of the beak in respect to the 
fashioning of the zoospores; the formation of a ball of immovable spores is 
due to the earlier eruption of the sporangium. 

Believing that the beak ruptures due to the osmotic pressure exercised 
by the sporangium, it can seareely be doubted that the escape of a larger 
part of the zoospores at the first instant is due to the physical process. A 


jostling motion begins immediately in the remaining ones which causes 
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them to pass through the narrow opening of the beak one by one. 
Watching carefully the manner of passage, we find that the zoospores 
approaching under or near the opening appear to be carried outside 
passively by a streaming action. At later times, when the number of those 
remaining in the sporangium is much lessened, they manifest a different 
manner of escape. With a few spores remaining till 2—3 hours later, I 
noticed that they swam actively about or were beating the sporangium wall, 
attempting, as it were, to escape like a caged animal, and occasionally 
orientating their direction of movement towards the opening, they succeeded 
easily to escape. If the opening is narrower than the breadth of the 
spores, as is often the case, they cannot pass through freely, and a con- 
siderable time is required to get out by constricting the body, the more 
time this takes the more they are fatigued in swimming. This action 
manifests a sort of “ingenuity” (ATKINSON, 94) in the attempt to 
escape. Therefore, it may be stated that the escape of the zoospores is 
passive at the first instant and active at later periods. However, we cannot 
yet arrive at the conclusion that the latter method is connected with the 
osmotactic, thigmotactic, chemotactic, or adelphotactic stimulus. 

In the mature sporangium the final fashioning of zoospores begins after 
water is supplied on the surface of the host-cell where the beak projects 
out, so that a certain time is invariably required for the liberation of 
zoospores. It is at this interval of time that the division of the cytoplasm 
into separate spores, the increase of turgidity of the sporangium, and_ the 
gelatinization of the beak take place. The readiness of the mature sporangium 
for receiving water is indicated by a finely granular homogeneous appearance 
of the contents. Without supply of water the sporangium retains this 
condition until the host-cell becomes inactive and the fashioning of the 


zoospores becomes entirely impossible. 


B. THe ReEstinc SPORANGIUM. 


The resting sporangium is spherical with a smooth yellow brittle 
exospore and thicker hyaline endospore (Pl. XV, Fig. 45). Treating 


previously with chloralhydrate, the pressure under the cover glass makes the 
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sporangium slip out of its outer wall and expose the endospore. Both walls 
do not give the cellulose reaction. The sporangium lies singly or, more 
generally, grouped in each host-cell, sometimes in company with the zoo- 
sporangium. In contrast with the zoosporangium the resting sporangium has 
approximately uniform size, except in an extreme case where it occurred too 
much aggregated. The spatial relation is not so much accounted for as in 
the zoosporangium, so that we find usually a wide space in the host-cell 
round the adult resting sporangium. 

As we have already stated, at an early stage of development there is 
no difference in the rate of growth between both kinds of sporangia (see 
Pl. XVI, Fig. 9), but subsequently the resting sporangium finishes its 
enlargement earlier and hastens to develop the membrane round its body and 
to become more granular and denser in consistence. It can be distinguished 
from the similar-sized zoosporangium by a more intense brilliant orange 
colouration of its content with chlorzinc-iodine. 

The resting sporangium is found in the same diseased spot as the zoo- 
sporangium (Pl. XV, Fig. 32) and indeed, as stated above, in the same 
host-cell as the latter (Fig. 36). This condition claims a certain relation- 
ship between both sporangia concerning the period of their maturity. When 
the numerous host-cells happen to contain zoosporangium dehiscing all 
at onee, they must be thrown simultaneously into inactivity by the wound 
made by the beak, whereby the neighbouring host-cells of the resting 
sporangia interfere with their nutrition or activity, as we may conceive by 
their becoming brownish. As a necessary consequence, the growth of the 
resting sporangia must be finished prior to the appearance of this symptom 
in their host-cells. We come therefore to the view that for the maturity of 
the resting sporangium the condition of the entire host plant or its organ 
gives no direct influence; it is the condition of the diseased spot that 
regulates the maturation. It may be ascribed in part to this reason that 
the resting sporangia are found quite matured on the still young leaves or 
stems as early as the first generation of the zoosporangium on the same 
diseased spot is over (early part of the vegetative season) (Pl. XV, Fig. 32). 

I could find at the beginning of April some diseased spots containing 


almost exclusively resting sporangia, some containing the zoosporangia as 
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much as the resting sporangia, while some contain only the zoosporangia. 
The same is true of spots that appeared subsequently. Therefore, it may be 
concluded that the resting sporangium is formed at successive generation 
throughout the fungus development, in conformity with the general rule of 
the resting sporangium formation of the Chytridiales as summarized by 
FIscHer (’92). 

Referring to the proper function of the resting sporangium, it may be 
of interest to inquire about the biological significance of so early a formation 
and also about its condition. As to the former point I cannot find any 
appropriate explanation on the necessity of the preparation of such a hiber- 
nating sporangium already at the beginning of the vegetative season. It 
would seem probable that it is merely brought forth influenced by inner or 
outer conditions but without any special biological significance. The activity 
of the entire host plant which may be variable of course at different periods 
of the vegetative season will have no concern with it, since the infection 
experiment with the host or its portion at different stages of development, 
and under favourable and unfavourable conditions for its growth, gives no 
evidence for it. Also it does not seem to bear a direct relationship with 
the seasonal change of climatic conditions. 

Although the resting sporangium may ke formed at any period, still 
the results of field observations for several years favour the assumption 
that the relative number of the resting sporangia with the zoosporangia 
changes with a certain regularity at varying periods; at an early period the 
zoosporangia predominate over resting sporangia, while the reciprocal rela- 
tion is prevailing towards the later period. Approaching to the end of the 
vegetative season of the fungus (July), the zoosporangia become exceedingly 
rare, the new infection resulting chiefly in the development of the resting 
sporangium, no matter if the host plant or host-cells may be as vigorous as 
in early spring or not.' It is certain that such a tendency of development 
is favourable to the fungus for existence. As to whether it is brought forth 

1. In June I found yery vigorous young shoots regenerated from the cutdown mother- 
stock of the host. The nutritive condition of the diseased spots on these shoots appeared to be 
favourable just as on the young shoots in the early spring, in contrast with those on shoots 


which had already become older. Notwithstanding, most of the fungus bodies were developing 
at this season into the resting sporangia. 
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in connection with the climatic condition or with an internal condition, 
such as the repetition of generations or the periodicity of the developmental 
cycle, we have no evidence to prove or disprove. Yet about the direct 
cause of the untimely formation of the resting sporangium I may be allowed 
to make a few remarks. 

Bringing here the evidence obtained from the cytological study which 
will be given in a subsequent section, it is quite evident that the resting 
sporangium originates from the zygote, while the uncopulated zoospore gives 
rise to the zoosporangium. Hence the problem attached to the formation of 
the resting sporangium must now be turned upon the formation of the 
zygote. We have already remarked that the copulation takes place 
predominantly in the zoospores retarded in liberation. As the dehiscence of 
the zoosporangium is connected with the absence or presence of water over 
the host-cell, the zoospores may be subjected to this condition at any time 
during the vegetative season. In the field the water supply is rain or the 
dew drop. On a rainy day and after a clear night, therefore, the zoo- 
sporangium can discharge the zoospores at the proper time; otherwise the 
discharge is postponed until the condition becomes favourable. In April the 
weather in Tokyo, or more generally in Japan, is rather rainy, and the 
zoosporangium is mostly dehiscing at any time of day and night whenever 
it ripens. Approaching to June it becomes more dry, being accerelated by 
the rise of temperature, and, the medium in which the zoospores are liberated 
being dew drops, the zoosporangium attained to maturity at noon must 
postpone its discharge till the next dew fall, hence the predominant 
occurrence of the resting sporangium at this period. Thus I can arrive at 
the conclusion that the view induced from the experiments on the cause of 
the zoospore copulation and the fact obtained from the field observation on 
the occurrence of the resting sporangium are in such accordance as sufficient 
enough to assign the formation of the resting sporangium to the internal 
condition of the zoosporangium, the zoospores from which give rise to. the 
former. 

One point worthy of note in this connection is that the retardation of 
dehiscence of the zoosporangium due to absence of water may bring the 


fungus to the hungry state. If the most intimate cause of the zoospore 
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copulation is its hungry state, we must take into account here the nutritive 
condition of the host-cell as well as the water supply. I think this notion 
is correct, as it is in harmony with the facts obtained from field observa- 
tions. At a later vegetative season the host-cell containing zoosporangia 
ready to dehisce becomes mostly brownish showing disorganization. The 
zoospores derived from the sporangia in such host-cells should be in the 
hunery state. On the other hand, at an earlier period the host-cell does not 
attain to such condition when the zoosporangium is about to ripen, except 
the case where too many sporangia (Pl. XV, Fig. 31) are found in one 
host-cell which then becomes brownish and incapable of nourishing the 
parasite sufficient enough to grow up as much as the space admits. As_ to 
why the host-cells come at the later period to the disorganized state earlier 
with respect to the period of discharge of the zoosporangium infected, I am 
of opinion that the dry air comes into play chiefly. The host-cells, when- 
ever thin-walled, are disposed at this period to fall into an excess of transpira- 
tion which hastens their death. 

From the considerations above given we can formulate the view that 
the formation of the resting sporangium depends upon the nutritive condition 
of the zoosporangium which liberates the zoospores becoming the origin of 
the former. Such conditions may arrive at any period of the whole 
vegetative season, by daily fluctuation of the environment or by the internal 
condition of the host-cells in relation to the parasite. The general seasonal 
change of environment, however, is such that tends the parasite to produce 
more numerous resting sporangia when approaching the later season. 

Tt may be added that in the diseased spot, which I understand 
appeared first in the spring and produced undoubtedly by the zoospores 
derived from the wintering sporangium, I could ascertain the presence of 
the fungus bodies that can develop into the resting sporangia. This is a 
confirmation of the fact that the zoospores derived from the resting sporan- 
gium can by copulating into the zygote give rise to the generation of the 
resting sporangium without interruption by the zoosporangium generation. 
In this case, whether the resting sporangium formation is assigned to the 
same cause as we have proposed above or not, we require further observa- 


tions. Still, at our present state, it appears possible that the wintering 
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sporangium may come under the similar condition as the zoosporangium. 
When it comes about to fashion the zoospore, which takes place in this 
case in the soil, there may occur a deficiency of water and a_ retardation of 
the zoospore liberation. The water in the soil where the zoospores must be 
liberated can scarcely originate from the dew drops, at least not in early spring 
time. Rain water is the sole medium in which zoospores are liberated and 
through which they attain to their host. It may be considered, therefore, 
that the germinating resting sporangium, if it must wait for the rain water 
for a longer time, liberates the zoospores liable to copulate. Fortunately the 
subjection of the wintering sporangia to this condition is rather seldom, for 
the rainfall during this season is frequent enough to ensure that most 
sporangia liberate the zoospores that infect immediately the host without 
copulation and to make them develop into the zoosporangia apt for a rapid 
propagation of individuals. 

GERMINATION. During the resting period the sporangium contains larger 
and smaller globules like oil drops (Pl. XV, Fig. 45). When it begins to 
germinate in spring, the globules diminish in size and eventually disappear, 
and the content of the sporangium becomes homogeneously granular. As 
the germination process advances, the endospore shows a differentiation into 
outer and inner layers. The outer layer swells up and goes to dissolve by 
gelatinizing, while the inner one remains distinct till the last (Pl. XV, Fig. 
47). The swelling of the sporangium contents may bring this remaining layer 
of the endospore into close contact with the exospore as before (Pl. XV, Fig. 
48). While the protoplast proceeds to fashion the zoospores, the endospore 
produces a beak on its surface, which, penetrating the overlying exospore 
and, if present, the dead wall of the host-cell, come outside in the water 
into which the sporangium is immersed (Pl. XV, Fig. 47 a). The zoospores 
can escape through the beak, as observed in the zoosporangium. They are 
quite similar in all respects to those derived from the zoosporangium (PI. 
XV, Fig. 48). The host-cell containing the emptied resting sporangium 
resembles that of the emptied zoosporangium in possessing a perforation made 
by the beak (Pl. XV, Fig. 49). 
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VI. Cytology. 


A. YZOoOSPORANGIUM. 


The fungus body derived from the encysted zoospore is first found in 
the cytoplasm of the host as a dense naked plasmic mass. Under high 
magnification the nucleus appears as a somewhat faint vacuole, in which a 
chromatin mass representing without doubt a nucleolus is contained (Pl. XVI, 
Figs. 1, 2). 

With the growth of the body a corresponding multiplication of the 
nucleus takes place (Pl. XVI, Figs. 3-6). Up to the few-nucleate stage the 
cytoplasm is compact; hereafter a vacuole begins to appear in the centre and 
the nuclei are arranged in the periphery (Pl. XVI, Figs. 7,8). In further 
growth the vacuole becomes larger and larger, as already observed in fresh 
material (Pl. XVI, Figs. 10, 12,18). This stage is soon followed by the 
disappearance of the vacuole, and the cytoplasm is arranged in irregular 
loose heapings round each nucleus, thus forming a network structure and 
leaving between them irregular spaces (Pl. XVI, Figs. 11, 17). At this 
stage the nuclei become larger and present a distinct structure, and we can 
recognize the nucleolus, chromatin, and a few linin threads within a well- 
defined wall (Pl. XVI, Fig. 16). 

In other members of the Chytridiales (BuTLER, ’07) and in the Sapro- 
legniaceae (Davis, ’03), this feature of the sporangia is considered as the stage 
just before the zoospore formation. So the heapings separate from each 
other and go to fashion themselves as the zoospores. LOEWENTHAL (’05) 
has shown in Olpidium Dicksonit a similar feature of the zoospore formation 
and figured the peripheral arrangement of zoospores along the sporangium 
wall (see his Fig. 17), showing the direct cutting of the plasmic wall 
surrounding the vacuole into the spores. In my case this is rather exceptional, 
being only met with in the aggregated sporangia that come to maturity 
without such further growth as to fill up completely the host-cell, perhaps 
from insifficient nutrition. In this case the central vacuole is especially 
large an1 the protoplast is considerably stretched out round it (Pl. XVI, 


Fig. 10), as Lorwrenruan observed. From such sporangia we get 
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loosely packed zoospores. In the other but usual case, the transition from 
the single-vacuolate to the network stage does not mark the approach of 
maturity. Further growth takes place, increasing the amount of the 
cytoplasm and the number of nuclei, whereby the reticulum becomes finer 
and finer, diminishing the clear space of the meshes (Pl. XVI, Fig. 18). 
At the close of the maximal growth, when the last nuclear division is over, 
by which the nuclei of the zoospores are constructed, the cytoplasm becomes 
of a quite homogeneously denser state throughout, leaving no apparent 
vacuoles (Pl. XVI, Figs. 19, 20). 

The above feature, exhibited after the disappearance of the central 
vacuole, is in strict accordance with that presented during the development 
of the sporangium in Synchytrium Puerariae (Kusano, ’09). In its 
primordial form, just produced by the segmentation of the whole fungus 
body, it contains a few nuclei scattered in a loose cytoplasm reticulum. 
The further growth induces the increase of the cytoplasm and diminution 
of the vacuoles with corresponding multiplication of nuclei. Attaining to 
maturity the sporangium becomes filled up with the dense cytoplasm and 
innumerable small nuclei of the zoospores. It will be seen, therefore, that 
in both fungi the vacuolate stage of the sporangium pertains only to its 
early stage of development, the mature stage being represented by a dense 
consistence of the protoplast. 

During the growing period, or the vegetative phase of the fungus, we 
observe an increase of the nuclei in size. Entering the period of the zoo- 
spore formation, or the reproductive phase, they are reduced in size in 
successive divisions. At the former period the manner of the nuclear division 
is somewhat obscure ; in abundant material, which I was able to examine, 
almost all nuclei have an appearance of the resting stage, revealing in no 
case the occurrence of the typical mitotic division. However, combining the 
several nuclear figures reproduced in Pl. XVI, Figs. 14 and 15, it is not 
difficult to draw the probable line of division. There are found such nuclei 
which contain only a prominent nucleolus—the chromatin nucleolus—as 
a Visible element within a faint membrane. In the same fungus body two 
equal or unequal nucleoli are found in contact to, or detached from each other 


in a clear space surrounded by a faint membrane. They are certainly 
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produced by the bipartition of a single nucleolus. Often it is impossible to 
recognize the presence of the membrane in such a nucleus. As showing 
perhaps the next stage, the two nucleoli are separated a short distance, each 
having a wide clear space round it. Certainly this stage is followed by the 
precipitation of the membrane surrounding the clear space. The occurrence of 
two nuclei in pairs, facing the side where the nucleolus lies attached to the 
membrane, is rather usual in my slides (Pl. XVI, Fig. 15), and I take such 
a figure as showing the pair of the daughter nuclei just constructed. At 
this stage the chromatin and linin are far less in amount. The most com- 
plex structure of the nucleus with a vacuolate nucleolus of a dise-shape and 
prominent chromatin granules lying on the linin threads or along the 
distinct nuclear membrane (Pl. XVI, Fig, 16) would show certainly the 
subsequent stage. 

If I understand the nuclear figures given above aright, the division 
resembles amitosis. Differing from the usual amitosis, there is disappearance 
of the nuclear membrane and the chromatin as well as linin. It is very 
likely the ‘ Promitose”’ proposed by Narcrer (09) in the nuclear division 
of Amoeba. 

In the latter period the occurrence of the mitotic division is quite 
certain, though I cannot give here all dividing stages. The nucleolus 
disappears and a few similar-sized chromatin granules become distinct, while 
the nuclear membrane is at this time faint (Pl. XVI, Figs. 18, 22, 23). 
Such structure of the nucleus represents perhaps the prophase stage. In a 
full grown zoosporangium just about to develop the beak (Pl. XVI, Fig. 
19), I found the nuclei all at the spindle stage (Pl. XVI, Fig. 24). How- 
ever, the arrangement and the number of chromosomes were not presented 
clearly. Unfortunately no other stages could be studied, but I believe the 
above figures are sufficient to warrant the conclusion that the karyokinesis 
here is of a different type from that usually found in the vegetative phase 
of the Plasmodiophoraceae, but rather in accordance with what I described 
in the secondary nuclei of Synchytrium Puerariae. 

From the above, we can distinguish two different modes of the nuclear 
multiplication, one in the vegetative phase and the other in the reproductive 


phase, as already known in other Chytridiales and the Plasmodiophoraceae. 
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Nemec (’11) has ascertained in Sorolpidium that in young parasites the 
nucleolus persists during the division, and after dividing into two halves, 
each enters the daughter nucleus in a similar way as found in the vegetative 
phase of Plasmodiophora, Sorosphaera (BLoMrreLp and Scuwarrz, Maire et 
Trson), and Spongospora (Osporn). In the older parasites the nucleolus 
disappears, according to him, previous to division, and the usual karyokinetic 
spindle appears. While my fungus agrees in respect to the presence of two 
modes of the nuclear division with all these organisms, I may remark that the 
division in its vegetative phase is somewhat different. During the division 
only the nucleolus is present, while in the Plasmodiophoraceae and Sorolpi- 
dium the nucleolus and chromatin persist distinctly and undergo the 
division in themselves. 

As to the mode of the fashioning of the zoospores, that is, of the separa- 
tion of the cytoplasm into spores, I am not able to give a satisfactory 
explanation, as the minuteness precludes an exact observation. As already 
stated, in the mature sporangium where the final nuclear division is closed 
(Pl. XVI, Fig. 20), and which is ready for the cytoplasmic division, the 
contents appear as a compact homogeneous mass. No progressive division 
was observed in the fixed material, such as to produce sausage-like parts as 
in Hydrodictyon, but a clear space appears in the cytoplasm all at once 
between each two nuclei, cutting off the cytoplasm in as many polygonal 
parts as the nuclei. Each part, however, does not seem to have been 
immediately separated freely, since the fixation of the material at this stage 
results in throwing all these parts into a compact mass shrunk from the 
sporangium wall (Pl. XVI, Fig. 21). This is perhaps the final stage that the 
sporangium can attain to without receiving water from outside, the stage at 
which the sporangium contents assume, when observed alive, a reticulum of 
fine granules. The granules are in my opinion an oily matter, now extruded 
from the cytoplasm going to divide into spores, and arranged marking the 
boundary of each division. A clear space visible between the polygonal 
parts of the cytoplasm (Pl. XVI, Fig. 21) is in all probability produced by 
the occupation of this extruded matter. With the disappearance of the 
reticulum of granules in the mature sporangium, occuring normally first 


soon after being immersed into water, the polygonal parts may be actually 
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separated from each other as the zoospores. Probably the granules are 
dissolved into an osmotic substance which can absorb water into the 
sporangium from the outside and increase its turgidity. With these processes 
the zoospores are suspended in the fluid inside the sporangium. In the whole 
aspect the mode of fashioning the zoospores above explained is in accordance 
with what I observed in the zoosporangium of Synchytrium Puerariac. 

In the nucleus of the zoospore we can recognize small chromatin granules 
along the nuclear membrane, but no prominent nucleolus (Pl. XVI, Figs. 
25, 26). A large chromatin nucleolus found in the youngest fungus in the 
host-cell is evidently formed by the condensation of these granules into a 
mass (Pl. XVI, Figs. 1-6). 


B. THE RESTING SPORANGIUM. 


Among the spherical and naked fungus bodies in the host-cell we find 
already at the earliest stage of development somewhat larger ones (Pl. XVII, 
Fig. 1). As they are binucleate, we understand that they originate from 
the encysted zygotes. It must, however, be remembered that a similar form 
is also assumed actually by the endophyte originated from a zoospore, if it 
has grown to the binucleate stage. The criterion as to from which, the 
zoospore or the zygote, the endophyte in such a form has been derived must 
be, therefore, laid upon the point how far its development has advanced 
after infection. It cannot be doubted the binucleate form among uninucleate 
ones, both having been infected at the same time, originates from the 
zygote. This form of the endophyte is destined to develop into the resting 
sporangium. 

During the growing period the nuclei remain intact, while their size 
increases gradually. At the first stage they have the simplest structure, 
only a small nucleolus being prominent (Pl. XVII, Fig. 2). As they grow, 
the nuclear membrane becomes clearer and the enlarging nucleolus becomes 
vacuolate and flattened into a dise-shape. Attaining the maximal size, the 
Jinin threads and chromatin granules become conspicuous, assuming a 
reticulated structure (Pl. XVII, Figs. 3-6). 

At the time the resting sporangium is approaching the maximal 


growth its centre becomes occupied by a vacuole, and the cytoplasm, 
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being denser towards the periphery, assumes rather a coarse network structure. 
The two nuclei oceupy the peripheral position, usually opposite each other 
(Pl VIE Wis. ’5), 

A membrane now begins to appear on the outer surface of the sporangium 
(Pl. XVII, Fig. 7). At this time the nuclei undergo the most remarkable 
change. The nucleolus which has been attached to the inner side of the 
nuclear membrane appears now as displaced outside it (Pl. XVIT. Fig. 7). 
It gives the impression that the dislocation is an artificial effect, occasioned 
while sectioning or mounting on the slide. However, it being a universal 
phenomenon in the nuclei at a similar stage and being supported by the 
phenomenon succeeding it, we must take it as a normal process partaken 
by the nucleus of the resting sporangium. A marked change following 
immediately the dislocation of the nucleolus is the nuclear budding taking 
place at the tip of the nucleolus (Pl. XVII, Figs. 8, 9, 10). This bud 
eradually increases in size and can attain nearly the form and size as_ the 
mother-body, resulting in the formation of a dumb-bell-shaped nucleus with 
the nucleolus in the median portion (Pl. XVII, Fig. 9). This process goes 
on pari passu on both nuclei in the same sporangium. 

The above mentioned change of the nucleus I was able to observe in a 
number of the resting sporangia taken from the same diseased spot or the 
same host-cell, where most of them may be naturally at similar stages of 
development because of their equal age. 

At the next stage we see the disintegration of the budded portion (PL. 
XVI, Figs. 11-12). Its wall is broken and the contents are thrown into 
the central vacuole. This process may take place either while it is still 
attaching to the mother-body or soon after. 

The quantity of the chromatin-like bodies thus appearing in the 
vacuole may correspond at first to that of the contents of both budded 
portions (Pl. XVII, Fig. 13), but later they appear to be increased consi- 
derably in number, and they come to be arranged in a reticulate structure 
as seen in a nucleus at the resting stage (PI. XVII, Figs. 14, 15). We 
recall here the phenomenon of hyperchromatophily. 

This peculiar phase in the nucleus may be considered as expressing an 


unusual type of amitotic division. In separating into two nuclei the 
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prominent nucleolus lying between the separating portions is also divided 
and each half enters the daughter nucleus. But too early a disintegration 
of one of the daughter nuclei appears to show the extrusion process rather 
than amitosis. With this process the two nuclei diminish apparently the 
chromatin and achromatin granules. The chromatin granules are now found 
mostly attaching to the inner side of the nuclear membrane, whereby the 
latter becomes more conspicuous than before. Also the nucleolus becomes 
smaller and often faintly stainable. 

When the sporangium is going to precipitate the inner wall, the 
dissolution products of the nuclei begin to be distributed from the vacuole in 
the surrounding cytoplasm, while the vacuole in turn comes to be replaced 
by the cytoplasm until it disappears finally (Pl. XVH, Figs. 16, 17). In 
consequence the cytoplasm becomes deeply stainable (Pl. XVII, Fig. 18). 
At first there exists a clear distinction between the cytoplasm and_ the 
stainable substance distributed uniformly in it as small globules, but at 
advanced stages of the resting sporangium the stainable character of its 
contents is increased very much, so much so that it is scarcely possible to 
recognize the cytoplasm but the heavily stained globules arranged densely. 
Since the staining reaction of these globules is quite similar to that of 
chromatin, the visibility of the nuclei is at this stage greatly hindered. The 
difficulty in observing the nuclei is further increased by their diminutive 
size and contents, only a small nucleolus and a few chromatins being 
visible (Pl. XVII, Fig. 18). On the basis of the series of changes through 
which the sporangium has attained such a structure, I come to the conclusion 
that the stainable substance is presented most probably by the rearrange- 
ment of the nuclear substances found accumulated previously in the central 
vacuole. On this ground we have to compare this stage of the sporangium 
with the “akaryote stage’? recently reported in several members of the 
Plasmodiophoraceae (Marre et Tison, ’09, °11; Bromrmip and Scuwarrz, 
10; Osporn, 711) or the chromidial stage known for certain Protozoa, or 
Synchytrium stadied by Prrcivan (710), though it may not be quite 
homologous. 

On attaining the last-mentioned stage, the development of the resting 


sporangium is said to be closed. It passes then into the resting condition. 
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The reaching of this condition is seen at widely differing periods of the 
vegetative season, according to whether the formation of the sporangium 
begins earlier or later. 

Certain analogous features of nuclei are presented in the cyst of 
Amoeba muris Grassi (WeENyON, ’07) in which autogamy is known. The 
nucleus of the eneysted amoeba divides into two soon after encystation. 
“The stage with two nuclei is one of long duration and in this stage the 
nuclei are reduced in size by a throwing out of chromatin. The chromatin 
passes out of the nuclei into the protoplasm causing the latter to stain very 
deeply, especially around the two nuclei, which themselves stain only faintly. 
The chromatin is then either dissolved in the protoplasm or is thrown out 
of the cyst”? (WENyYON, p. 178). His figure (Pl. X, Fig. 14) corresponds 
exactly to my Fig. 18 (Pl. XVII). He adds that the loss of chromatin 
reduces the nuclei to a much smaller size, which is also true in my case. 
He further mentions a stage corresponding to the akaryote stage known in 
the Plasmodiophoraceae, and notes that the nuclei after the loss of chromatin 
give off two reduction bodies which are ultimately dissolved in the protoplasm 
or remain as darkly staining granules, and that the division of the nuclei 
results in the formation of four nuclei which are reduced again into two by 
conjugation. As far as It could observe in my fungus, the essential 
difference in the above features lies on the omission of the typical akaryote 
stage and the reduction bodies. There might be considerable difficulty in 
my case in getting the serial stages indicative of these nuclear features ; yet 
I am not conscious of having missed them all. 

In the material fixed in early winter the content of the sporangium 
is found as small globules, taking heavily the chromatin stains and obscuring 
the presence of the nuclei. With approaching spring there appears a 
differentiation between the cytoplasm and the stainable substance. The 
latter oceupies the central portion as large globules which look like oil drops. 
The globules are variable in size and number, often fusing together. In 
January and February I was able to see two distinct resting nuclei situated 
peripherally as before (Pl. XVII, Fig. 19). With FLemna’s triple stain 
we can usually distinguish there a reddish spherical nucleolus and somewhat 


violet chromatin granules besides less stained linin threads. At the beginn- 
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ing of April, a few days before the appearance of the disease on the host 
in the field, the sporangium has undergone the dissolution of the stainable 
matter and the cytoplasm appears homogeneously granular, being hardly 
stainable. Among such sporangia we can find several stages of the nuclear 
feature indicative of karyogamy and the multiplication of the conjugated 
nucleus (synearyon). In some of them the two nuclei are found as yet 
widely separated as before, without any essential change in their structure 
(Pl. VXTI, Fig. 20). I found also a few sporangia in which only a single 
larger nucleus occurred centrally situated (Pl. XVU, Figs. 22-24). In all 
which I could find, their membrane was distinct and the contents somewhat 
poor, lacking the nucleolus, but having, though only very few, chromatin 
granules. Its central position and larger size lead us to consider it to be a 
conjugated nucleus. The stages previous to this are difficult to be observed. 
But the general structure of two nuclei found in contact, the one overlapping 
the other (Pl. XVII, Fig. 21), would in high probability indicate their coming 
in contact preparatory to conjugation. 

The material at my hand is. still insufficient to demonstrate the 
successive changes occurring in this single nucleus. Notwithstanding, 
it is not impossible to draw the conclusion that it may divide by 
karyokinesis. In Pl. XVU, Fig. 24 the nuclear contents, chiefly the 
chromatin granules, are found gathering altogether in a peripheral portion 
of the cavity, leaving the other portions quite vacant. It seems to 
indicate the synapsis stage, though of course the finer structure is not com- 
parable to the corresponding stage in higher plants. In Pl. XVII, Fig. 25, 
which I would like to mention as a stage immediately following it, few 
chromatins are found in a denser portion of the cytoplasm. An accurate 
counting of the chromatins is impossible ; they may be four or five, or there- 
about. Their approximately uniform size appears to show their being the 
chromosomes, showing the prophase stage. The spindle figure which follows 
it is not found, but Fig. 26 may be taken as showing the telophase stage. 
I can mention here two figures (Figs. 28, 29) in which the metaphase stage 
of the closely lying two nuclei is somewhat clearly shown. The spindle 
fibres are obscure, but these figures are sufficient to indicate that the two 


daughter nuclei from the conjugated nucleus have gone to perform the 
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mitotic division without departing from each other. The two nuclei lying 
closely together, each containing only a stellate nucleolus (Pl. XVII, Fig. 
27), may be considered as the daughter nuclei just formed from the con- 
jugated nucleus. 

In the multinucleate sporangia it is highly difficult to get a clear idea 
of the dividing stages of the nuclei, as at these stages they exhibit 
only an obscure outline and give no definite figure. However, from the 
figures we have reproduced in Figs. 30-33, which show only those stages 
that can afford a somewhat clear view of the nuclei, we may draw an idea 
as to what change the nuclei do undergo during their multiplication. In 
the youngest nuclei the visible content is an irregular body (Pl. XVII, Fig. 31). 
It becomes more or less stellate, the condensation of chromatin granules takes 
place in its matrix (Fig. 32), and the granules are gradually extruded into 
the surrounding clear space, resulting in the resting nucleus with a sharp 
outline and usually with a reticulate structure (Fig. 33). In a sporangium 
with an increased number of nuclei, larger and smaller chromatin granules 
are found at certain nuclear stages, uniformly scattered throughout the 
denser cytoplasm in such a manner that we are scarcely able to point out 
a sharp demarkation of each nucleus (see Pl. XVII, Fig. 34). Similar 
stages came frequently under my observation. Fig. 35 shows the stage of 
fashioning the zoospore. The endospore has partly dissolved and become 
thinner. The resting nuclei with a clear outline, containing a few chromatin 
eranules, are arranged closely in the cytoplasm becoming now denser. This 
stage of the resting sporangium corresponds to that of the zoosporangium 


having approached to the zoospore formation (compare PI. XVI, Figs. 18, 20). 


C. DISCUSSION. 


The cytology of the zygote in the lower fungi and algae is known very 
little ; so far as it has been studied until now, the results are very divergent 
according to the different species, and there is no strict accordance in 
Olpidium on Vicia and any of the above quoted plants whose zygote is well 
investigated. In the Diatomaceae a ease was reported where two copulated 
gametes become each binucleate. One of the two nuclei in each gamete 


degenerates ‘soon and the karyogamy is established with the remaining one. 
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Tn other species of the same family the gamete nucleus multiplies into four 
by successive divisions into two and only two of them perform the karyo- 
gamy producing two zygotes, while the remaining nuclei degenerate without 
conjugation. The division of the gamete nucleus previous to conjugation is 
further reported in Dasidiobolus. According to Woycicxt (’04), the nuclei of 
both conjugated hyphal branches derive the beak nuclei and gamete nuclei, 
and the latter undergo the amitotic division. The karyogamy takes place 
between one of the daughter nuclei thus produced, while the sister nucleus 
in each gamete disintegrates. No more minute details of these two divisions 
previous to conjugation of the gamete nuclei are given in these instances, 
and the reduction of chromosomes is here uncertain, though the feature may 
find a certain accordance with that of most Protozoa where the ‘“ Reduc- 
tionskern”’ is of a wide occurrence in the gametes (ProwazEx, ’07; Harr- 
MANN, 09; consult the numerous papers published in the ‘ Archiv fur 
Protistenkunde ’’). : 

The study on the zygote of Spirogyra (IKKARSTEN, ’09; TROENDLE, 711) 
and Zygnema (Kurssanow, *11) has recently brought out the evidence for 
the fact that the reduction division takes place after conjugation of the 
gamete nuclei. Though the number of chromosomes is not observed, 
the first two divisions of the zygote nucleus in Closteriwm are considered 
by some writers as performing the reduction of chromosomes. In Olpidium on 
Vicia the exact number of chromosomes is unfortunately unknown, but the 
account of the zygote nucleus we have already given would favour the view 
that the reduction takes places after conjugation of the gamete nuclei, in 
harmony with the process in the zygote of the last-mentioned algae. 

The two nuclei of the resting sporangium, which are in themselves the 
nuclei of the copulating zoospores, become by functioning as the gamete 
nuclei materially unequal to the zoospore nuclei, since they have thrown out 
a certain portion of their contents in the way already described. As _ this 
process, taking place previous to conjugation, may express the nuclear 
division, one might infer that it indicates the reduction phenomenon as com- 
monly seen in the Protozoa, as zoologists adopt the small nuclei derived at 
the corresponding stage as the reduction nuclei or bodies. It is sure that 


the gamete nuclei in Olpidimn are in this way remarkably reduced of 
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chromatin and achromatin, but to prove or disprove whether the nuclear 
feature in the sexuality of this primitive fungus is homologous to that in 
the equally primitive animals (Protozoa) needs further investigations. At 
present we are inclined to the view that the reduction of the content in the 
gamete nuclei has no concern with the true reduction of chromosomes. ‘The 
extruded substance may be largely trophochromatin. Referring to the cytology 
of Synchytrium (Kusano, 09) IT am impressed by this view. The uninucleate 
stage of this fungus represents the growing or vegetative phase, during 
which the nucleus is concerned with the elaboration of food materials, call- 
ing forth the accumulation of a large amount of the chromatic substance in 
this connection. Entering the reproductive phase where the rapid multipli- 
cation of nuclei is a chief feature in the fungus body, the useless content 
is extruded as trophochromatin. The two nuclei in the resting sporangium of 
Olpilium on Vicia may be comparable in some extent to the primary nucleus 
of Synchytrium, and the extrusion of their content at the close of the 
vegetative and before the beginning of the reproductive phase can be 
assigned to the same cause as we have maintained in Synchytrium. In 
Olpidium the zygote must perform a rapid growth to develop into the 
sporangium. Compared with the development of the zoosporangium, with 
which the zygote enlarges at the same rate up to a certain stage, the 
indivisible two nuclei of the growing zygote must be in a more active 
condition than the numerous nuclei of the zoosporangium in respect to 
nutrition. Also in contrast with the zoosporangium, the resting sporangium 
must close its maximal growth earlier, that is, the vegetative phase, with 
the accumulation of sufficient reserve materials for further development, 
with which the activity of the nuclei comes into play. While precipitating 
the exospore, the nutrition of the resting sporangium becomes interrupted, 
It is just at this stage that the extrusion of the nuclear contents is observed. 
Although the extruded substances may probably contribute the formative 
material to the multiplying nuclei in the germinating period of the sporan- 
gium, their bodily connection with the newly derived nuclei, as ascertained 
in the Plasmodiophoraceae and in certain Protozoa, or in some Chytridiales 
(Batty, *11), cannot be proved in the present case (ref. to the review of the 


chromidial bodies by Danararp, °10 and Prowazex, °10). It may be 
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speculated that, so far admitting the function of the nucleus relating to the 
nutrition, the gamete nuclei in the resting sporangium seem to possess 
both properties which we apply separately to the large nucleus and small 
nucleus found differentiated in certain Protozoa (ProwazeK, 710). As Olpidiune 
stands in its organization in the same rank as the Protozoa, such a con- 
jecture is not quite impossible. . 

The view on the significance of the extrusion-bodies of the nucleus will 
be justified, if the similarly behaving zygote of the Endosphaeraceae be 
ascertained to manifest a similar cytological phase during its development. 

From the above consideration it should be understood that the vegetative. 
stage of Olpidium is the x-generation, while the 2x-generation is represented 
by the zygote nucleus which is soon followed with the oceurrence of the 
reduction division by the x-generation. In this respect its life-cycle is 
comparable to that of the Conjugatae. Osporn expresses the opinion that a 
quite similar phase takes place in Spongospora, with which he points out its 
resemblance as regards the nuclear constitution to most Myxomycetes. Acecor- 
ding to JAHN’s (11) reinvestigation on the Myxogastres, the plasmodium has 
the diploid chromosomes, the reduction taking place before the spore formation. 
In the Myxomycetes there is a disagreement in the chromosome number at 
the plasmodium stage. It may be diploid in some and haploid in the other. 
The diploid form may be in harmony with the Protozoa, to which the 
Myxomycetes are closely allied. The haploid form in some Myxomycetes may 
show their similarity to other Protophyta. This fact suggests further resear- 
ches into whether it is possible to distinguish, in the vegetative period of 
the Protista, the protophytie type (haploid form) and the protozoan type 
(diploid form) as regards the number of chromosomes. 

In connection with the karyogamy in the resting sporangium we must 
direct our attention towards the mode of the nuclear division which has taken 
place during the vegetative phase of the zoosporangium and through which 
the gamete nucleus has been derived. TI have previously regarded the division 
to be amitotic-like, corresponding more to promitosis. If it is truly a usual 
amitosis, the zoospore nuclei should be unequal in component. It then leads 
us to the inference that the reduction division in the zygote nucleus which 


has been derived from such heterogeneous nuclei of the zoospores (behaving 
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here as gametes) loses its true significance. 'To decide whether this is a mere 
assumption or a fact, we must prove by further investigations whether the 
arrangement of the various stages of the nucleus, as I already mentioned, 
from which to formulate its dividing manner, is in their proper sequence or 
not, or whether they are in themselves a complete series of the stages of the 
dividing nucleus or not. At present, believing this method of division as 
most probable, I would say that the caryosome represents here a single 
chromosome and its bipartition can distribute equally the hereditary substance 


in. the daughter nuclei. 


VII. The Host and the Habit of the Fungus. 


The epidermal cell of either leaves or stems is attacked by the fungus. 
The infected spot on the leaf remains light greenish, and the surface of the 
leaf is depressed at this spot towards the infected side (Text.-fig. 1). The 


mesophyll of the diseased spot is hypertrophied with the enlargement and 


‘Text-fig. 1. One healthy and two diseased shoots of Vicia unijuga. 


the increasing number of cells (Pl. XV, Fig. 51). All epidermal cells on 


the spot, both infected and intact, are mach enlarged and often swell up and 
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cause the rounded outer surface, making the spot more or less verrucose. 

The formation of an abnormal tissue in the diseased spot may depend 
upon the period of infection with respect to the developmental stage of the 
leaf. Later infection induces but little deformation as well as enlargement 
of cells, whereas the funeus is found growing in cells of the normal form 
(PlLxy; Tig.438): 

The diseased spot on the stem is characterised by a more vigorous 
formation of abnormal cells in heaps (Pl. XV, Fig. 50). When furiously 
attacked, the accelerated growth in length on the infected side causes on the 
stem an irregular curvature (Text-fig. 1) and perverts in great measure its 
normal growth in length. The shoot attacked at an early period of growth 
(April) is often greatly suppressed in development and remains in a dwarfed 
condition. 

The influence of the fungus upon the protoplast of the host-cell is not 
remarkable. A slight enlargement of the nucleus and more or less increase 
of the cytoplasm may occur. The nucleus is deformed by compression when 
the fungus body or bodies grow to occupy a greater part of the cell cavity, 
but it can be active during the vegetative phase of the fungus. The 
cytoplasm encasing the zoosporangium is disorganized generally before the 
latter attains to maturity. 

After the zoosporangium discharges the zoospores, the host-cell loses 
turgidity and often shrinks being compressed from the surrounding turges- 
cent cells. When the resting sporangium advances to precipitate the inner 
wall, the host-cell begins to die, the dead protoplast being left round the 
sporangium as brownish granules. 

The diseased spot on the host becomes visible first at the end of March 
or at the beginning of April, when the young shoots of the host developed 
from the perennial root-stock grow a few centimeters long. For closer 
observation on the progress of the fungus development I transplanted, on 
April 4, 1911, the attacked stocks of the host in pots and brought them 
into the laboratory. From the size the fungus had attained, I guessed 
the infection to have taken place 2 or 3 days before. On April 9, 
the aggregated sporangia had already come to maturity, and introducing 


them into water the zoospores were easily liberated. On April 11, I put 
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pieces of the diseased portion of the host, containing mature sporangia, into 
water drops upon still inclosed or just opened leaflets. Three days later 
the diseased spots became visible as a slight depression of the surface and as 
being discoloured. On the 16th, the sporangia on these spots discharged the 
zoospores as soon as water was poured upon their surface. Inoculation with 
the zoospores from the zoosporangium in the first generation was again tried 
on April 12 and 16, and the second generation of the zoosporangium finished 
in nearly the same interval of time. Although it appears that a rapid or 
slow development of the fungus may depend upon the activity of the host, 
it may be generally stated that the symptom of the disease is visible in 3—4 
days after infection and the zoosporangium comes to maturity in 5—10 days. 
Broadly speaking, a zoosporangium generation ends under. favourable con- 
ditions in a week. As zoosporangia may be found in the field up to July, 
their generation should be repeated at least ten times during a vegetative 


gation of the disease must be considerably great. A 


season, so that the propa 
successful infection will, however, take place ceteris paribus chiefly at the 
earlier half of the vegetative season, when the host is still young and _ its 
whole portion is easily subject to the attack of the fungus. For this reason, 
we generally find on the adult shoots more numerous diseased spots on the 
lower than on the upper portion. Certainly the rapid development of shoots 
at later periods renders their growing portion soon resistible to the attack 

of the zoospores. 

It is a biologically interesting fact that all the epidermal cells of the 
diseased spot show a rejuvenescence and their outer wall remains thinner and 
softer. These cells, therefore, are easily subject to the attack of the fungus. 
On this account, the zoospores can infect the epidermis of the same diseased 
spot during 2 or 3 successive generations, until the increased number of the 
attacked cells brings the spot itself to death. 

In favour of the development of the fungus there is a tendency that the 
diseased spot appearing on the upper portion of the shoot (to be produced 
at later periods of the season) is especially hypertrophied, producing a larger 
number of abnormal cells. They are produced from the cells surrounding 
an infected cell, by their radial multiplication and also by the parallel 


division to the surface of the epidermis (Pl. XV, Fig. 50). Tam of opinion 
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that the presence of these abnormal cells is more necessary for the fungus 
at this vegetative period than at the earlier one, since at this stage the 
vapid development of the host renders the newly produced healthy epidermis 
sooner resistible than that coming at the earlier part of the season, and thus 
leaves only the diseased spot as ensuring the infection of the fungus, except 


younger portions at or near the growing point. 


VIII. Systematic. 


The morphological characters and the developmental features of the 
fungus, I have so far described, agree fairly well with the generic character 
of Olpidium, a member of the Chytridiales (Fiscurr, ’92, p. 22.). However, 
they present a certain point of resemblance with other genera of the 
Olpidiaceae, in which Olpidium is ineluded. In Olpidium, as far as we 
know at present, the exit tube in the zoosporangium is generally single 
(exceptionally two, according to FiscHEr’s description), but in the present 
species, many tubes are usually developed in larger sporangia, of which only 
one is practically functionary. In possessing many tubes the fungus may 
show an affinity to Pleotrachelus, but it cannot be identified on aecount of 
inconstaney of this character. The zoosporangium occupies nearly the entire 
cavity of the host-cell, bringing both walls of the sporangium and the _host- 
cell in close contact, as observed in Pleolpidium (Fiscuer, °92, p. 43); a 
closer examination, however, shows that the disorganized plasm of the host 
is often found interposed between both walls, and the wall of an emptied 
sporangium may easily shrink off from the host wall, proving that both 
walls are in fact not brought together so intimately as observed in Pleolpidium. 
We also see that the sporangium wall does not come in contact throughout 
its whole surface when the host-cell has an irregular or wavy outline. 

On account of the zygote formation of the zoospores and its development 
into the resting sporangium, our fungus resembles eessia, though differing 
from it by the absence of amoeboid movement of the vegetative body. The 
latter genus was synonimised by Fiscuer ('92) to Olpidiwmn, since, according 
to him, except the feature of the copulation, the morphology of the zoosporan- 


gium and the resting sporangium appears to agree exactly with that of a 
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certain Olpidium, namely R. amoeboides Fisch with O. Lemnae Fisch and 
R. Cladophorae Fisch probably with O. endophytum A. Braun. If the 
formation of the zygote can be regarded as a diagnostic character, the genus 
Reessia may now be established, embracing, besides the species already described 
by Fiscu, our present species. However, while most species of Olpidium 
receive but little attention on this point and require a fresh examination as 
regards the behaviour of zoospores and the cytology of resting sporangia, we 
are not yet justified in taking this character as distinctive of both genera. 
At present, attaching much weight to the amoeboid movement of the vegetative 
body as a chief point of distinction, if the genus Reessia be preserved, our 
fnneus should be included most properly in Olpidium. 

Monochytrium created by Grices (10) is characterised by the amoeboid 
movement of the vegetative body and by the resting sporangium resulting 
from the fusion of two young amoeboid bodies after infection. Except a 
slight difference in the period of copulation, this genus agrees well with 
Reessia, to which he has made no reference in his paper. When epitomising 
his paper in the Botanical Gazette, Vol. XLIX, 1910, Arkinson has already 
expressed this view. Griccs studied this fungus in a fixed material only and 
a larger part of its life-history was left untouched, so that the affinity of 
our species to his cannot be made out satisfactorily. Yet, so far as_ the 
cytological features are concerned, I find such a striking similarity between them 
that I cannot pass it over without making reference to his paper in this place. 

The resting spore he described coincides almost exactly with mine in 
size as well as the cytological ‘features. He mentioned a central vacuole 
during its developmental stage, which I can confirm in my fungus. The 
deeply staining granules he found on the cytoplasm reticulum seem to 
correspond to those which appear in my fungus after the budding of the 
nuclei has taken place. He did not give the budding of the nuclei. Whether 
it is quite absent or he missed this stage is not clear. In an older spore 
only a single yellowish wall was mentioned. Can it be possibly a mature 
spore? Is there no formation of the inner wall as in my case when it 
advances further in development ? 

Tn both fungi the relation between the parasite and the protoplast of 


the host-cell reveals no difference. 
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As regards the different periods of the zoospore copulation in both fungi 
it may be said to deserve a distinctive character. In my slides, in the 
youngest stage of the parasite, uninucleate bodies (derived from the not co- 
pulated zoospores) are found lying in contact. We also find together with 
them binucleate young parasites, which are either the zygotes or the 
zoosporangia at a first growing stage. As to the break of the plasmic 
membrane for fusion between closely lying individuals which have a_ very 
faint outline, there prevails so great an obscurity in my case, that if I could 
not observe the actual copulation of the living zoospores, I would have 
attempted, as for the origin of the binucleate young body developing later 
into the resting sporangium, to concept incorrectly the fusion of the plasm 
between these youngest parasites. Of course such an obscurity may not 
happen in the case of Monochytrinm, but without evidence on the living 
material an objection cannot be avoided against acceptance of this 
remarkable fact. 

His description on the development of the zoosporangium accords es- 
sentially with mine, and from his illustrations I understand that the zoosporan- 
sium grows to fill up the host-cell as in my case. Unfortunately he was 
not able to study the mode of discharging the spores. It appears to develop 
an exit organ, instead of rupturing in itself. The perforation on the host-cell 
wall, which he regarded as being made by the parasite during infection, 
appears to be improportionally large, judged by his drawing (his Fig. 13). 
It is noticeable that it appears like a perforation made by the beak of the 
zoosporangium of my fungus. 

An abundant occurrence of the individual parasites in a very limited 
area of the host led him to the view that the zoospore may be amoeboid 
rather than ciliate. I may note that a similar distribution of individuals is 
observed in my ease, even though ciliate zoospores are produced. 

So far the several points of coincidence above referred to, regarding the 
cytology of Griaas’ and my fungus, lead me to think that even the points 
of difference mentioned above would be probably such as may be brought 
into harmony by further investigations. However, so long as the most im- 
portant characters, such as the form of the zoospore, the structure of the 


zoosporangium, ete., are not given more satisfactorily and the behaviour of 
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the amoebulae is not followed out exactly in a living state, and further 
referring to his description, it is not wise to synonymise my fungus with 
Monochytrium. 

Most forms of Olpidium are aquatic, being parasitic generally upon mi- 
croorganisms. The terrestrial forms of this fungus we know at present are 
O. Brassicae (Wor.) on Brassica, O. Trifolii Schrot. on Trifolium, and O. 
simulans DeBary et Wor. on Taraxacum. The life-history of these species 
are not yet studied very thoroughly. According to Fiscuer (92, p. 51), O. 
Trifolii is included in Synchytrium as S. Trifolii Pass. This and O. Brassicae 
show many points of difference from my species, but O. simulans shows the 
closest resemblance as far as it has been described by previous authors. 
ScHRoETER (92, p. 70) proposes to place it in Pleolpidium on account of the 
zoosporangium fusing with the wall of the host-cell. The sporangium wall 
of my fungus shows such a tendency, but it is, as already remarked, of 
inconstant character, manifested merely by a special relation of the size of 
both the host-cell and the sporangium. The description of O. simulans is 
still incomplete, and the structure of the wall of the resting sporangium is 
unknown. In Pleolpidium it is generally spinous, though, as BUTLER pointed 
out, it is not constant, even in the same species, while in Olpidium it 
is invariably not spinous. In this respect, my fungus coincides with the 
latter genus. 

On the ground of the above statement I come now to describe the 


fungus on Vicia as a new species of Olpidiwn with the following diagnosis: 


Olpidium Viciae nv. sp. 


Zoosporangium in epidermal cells, solitary or in company (often more 
than 20) even with vesting sporangia, the form and size variable, being like 
the host-cell when solitary or being small and polygonal from compression 
when aggregated, 20—120 in diameter. Exit tube very short, single in 
smaller sporangia, numerous (4—7) in larger ones, one of them being generally 
functioning. Zoospore colourless, elliptical or oval, 6—7 x 5y, with a 
posterior cilium. 

testing sporangium solitary or aggregated (often more than 10) in 


epidermal cells, 17—47, with smooth yellowish exospore and thick hyaline 
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endospore, originated from the motile zygote derived from the copulation of 
zoospores. Germination by producing zoospores. 

On stem and leaf of Vicia anijuga Al. Br. Komaba in Tokyo. April 
to July. 


IX. General Remarks. 


While our knowledge on the sexuality of unicellular organisms has 
recently made great progress, the Chytridiales do not as yet furnish many 
details in this respect. In some highly organized genera (Polyphagus, 
Zygovluzcium), the resting sporangium is known to be produced by the 
conjugation of two individuals. In the Ancylistaceae, where the oogonium 
and antheridium are differentiated, the sexual reproduction is no more doubted. 
In the formation of the resting sporangium in Olpidiopsis and in the 
Cladochytriaceae, a similar process is already reported, but it is still doubted 
if it can be taken as a true sexuality. Batty’s (711) cytological study on Uroph- 
lyctis (included, according to Fiscuer, 92, p. 134, in the Cladochytriaceae) 
has given evidence against the sexuality. Except in Polyphagus (DANGEARD, 
00; WaceEr, °99), the sexual process in the Chytridiales has not been con- 
firmed with cytological evidences, and consequently the real nuclear phase 
in the sexual product remains still obscure. An attempt especially made 
towards this point by LomwrenrHan (05) on Zygorhizidium and by GRiGGs 
C10) on Monochytrium was unsuccessful in confirming the karyogamy in the 
resting sporangium produced by the conjugation of two individuals. 

The copulation of zoospores (isogametes) I have described in the fore- 
going may be considered as the simplest and most primitive act of sexuality 
except the autogamy. Such a case is well known in the unicellular algae, 
but in the fungi it has remained uncertain. In the present investigation, 
I have confirmed this fact in a species of the lowest fungi, being able to 
observe the serial stages of its whole life-cycle both in fresh material and 
in microtome sections. At present, therefore, there can be little: doubt of the 
fact that the motile isogamete copulation takes the part of the true sexual 
reproduction in the fungus group. 


Admitting now the older observations of FiscH and Soroxty aright, and 
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even including the fact given by GricGs on JMJonochytrium in the same cate- 
gory, the occurrence of isogamete in the Chytridiales should be considered 
as an exceedingly rare case. It might perhaps be possible to find an 
additional instance, if we recall our attention towards the behaviour of the 
zoospore and the eytology of the resting sporangium of other species or 
genera in the same funeus group. Yet I do not wish to generalise that 
the resting sporangium of all Olpidinm species is the product of sexual 
process, since the sexuality here is too primitive and rather of a labile nature. 
Without any morphological differentiation the zoospores can become gametes 
when conditions admit, otherwise they can ensure the further development 
asexually. It my be conceived that among numerous — species em- 
braced in the same genus of the lower Chytridiales there develops a specific 
difference regarding the zoospore copulation; for instance, in Olpidinin Vicice 
and Chytridium Mesocarpi (according to Frscu), the zoospores are liable to 
copulate, while those in other members of the same genera do not show such 
property. This is true in the similarly organized algae; in Chlorochytrinin 
Temnae all the zoospores become the gametes, while in C. Knyanum they 
all develop into sporangia without copulation (see Lorsy, p. 32). There- 
fore, it is a not impossible conjecture that Olpidium Viciae may he the 
representative of the genus, in which the first stage of the sexual differentia- 
tion is manifested. 

Having ascertained in the Olpidiaceae the occurrence of the primitive 
sexual process quite similar to that universally met with in the lower algae, 
we shall now attempt to consider shortly how much this fact can contribute 
to our knowledge on the phylogeny of the Chytridiales. With regard to 
some higher forms of this class of fungi the phylogenetic relationship has 
recently been discussed by Arkrson (09) and Prrrersen (’10) at full length. 
As I have not here any evidence to defend, or oppose, either of their 
arguments, the consideration shall be confined to the lower forms, namely 
the Olpidiaceae. 

Relating to the origin of the Chytridiales as a whole and its affinity to 
the other Phycomycetes, the simple and non-mycelial vegetative body and 
the absence of the sexual organs in most species have induced competent 


authors to develop quite opposed theories, each supported by several reasons, 
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but not, of course, by a direct proof. Of older publications we see some 
authors (DE Bary, 84; Brerexp, ’89) cling to the view that Chytridiales is 
a retrograde form from the mycelial fungi or the algae, while some (FISCHER, 
°92'; DancEarp, ’01) stand against them maintaining that it has developed 
along a progressive line of evolution. At present, the problem offers still an 
open field for discussion, and the opinions recently advanced defend 
one or the other theory; thus Lorsy, Vurmtemr (’08), and ArKrNson (’09b) 
the latter, while Prrersen (10) the former theory. The one point of more 
importance than what has been looked upon by these authors as the basis 
of their theories is the development of the most primitive sexuality in the 
Olpidiaceae. ‘The absence of sexual organs in most of this family cannot be 
ascribed to their degeneration through the debasing influence of parasitism, 
since we can recognize in O. Viciae the evolution of the sexuality. In the 
algae such a sexual process has been acknowledged as its first developmental 
stage instead of a degenerated one, and as performed by those algae which 
are in the lowest rank of their progressive phylogenetic series. Perhaps 
nothing can be more convincing in studying the problem set forth than the 
evidence on the sexual process, and the discovery of sexuality in O. Viciae 
gives a clue to the phylogenetic position of the lower fungi. 

The simpler forms of the Chytridiales present a close resemblance with 
certain lower algae (Lorsy’s Endosphaeraceae). However, the resemblance 
we have so far recognized is concerned with the vegetative body and_ the 
asexual reproductive phase. Now we can emphasize it with the evidence of 
the more important point, the sexual phase. Attaching much weight to this 
phase, Olpidium Viciae may be compared with some interest with Phyllobium, 
Rhodochytrium, Endosphaera, and Chlorochytrium, all belonging to the Endo- 
sphaeraceae (Lorsy, p. 32) and all possessing planogametes. Of these, 
Phyllobium has a mycelium-like body and a certain differentiation occurs 
between the gametes, the one being larger than the other. Therefore, this 
alga is more highly organized than the Olpidium. Ithodochytrium (AGERHEM, 
93; ATKINSON, 08) which bears a close affinity to Phyllobium resembles the 
OApidium especially in the behaviour of the zoospores. They copulate to 
form the motile zygote, but they can also develop, as in the Olpidium, into 


the zoosporangium without copulation. Though it has been ranged in the 
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algae, its parasitic habit, losing chlorophyll, excludes the distinction from 
the fungi, leading some authors to take it as a fungus (Lorsy, p. 38) or as 
marking a transition to the fungi (LacErneim, 93). A slight difference in 
the morphology between hodochytrium and Olpidium lies on the rhizoid-like 
body of the former. The organization of this alga may be therefore consi- 
dered as more advanced than Olpidium. With respect to the morphology 
and both sexual and asexual reproduction, /ndosphaera agrees well with 
Olpidium, except that in the former the coenobium is formed, by which it 
claims higher rank than the fungus compared. A closer resemblance is 
exhibited by CUlorochytrium, not only in its vegetative body but especially 
in the behaviour of the zoospores and gametes. But in this alga the sexual 
and asexual reproduction is at present considered to be performed separately 
by different species, the one producing only the gametangium (C. Lemunae), 
while the other only the zoosporangium (C. Knyanuwm). Thus, in the whole 
aspect, we cannot find a strict accordance of Olpidium Viciae with any of 
the algae above referred to, but it is clear that their general mode of develop- 
ment is quite similar. We may consider that Rhodochytrium is a form of 
the algae resembling most closely the lower Chytridiales, while in turn 
Olpidium Viciae is a representative of the Chytridiales showing many points 
of resemblance with the lower algae. 

A certain similarity can be seen in the life-cycle of Olpidiuvm Viciae and 
Chlamydomonas which is considered as the ancestor of the Endosphaeraceae. 
In both, the motile and non-motile stages are distinguished. The motile 
individual goes itself into the non-motile form which aids in the multip- 
lication of individuals. Two motile ones fuse together and perform the same 
process. In Chlamydomonas the vegetative period is represented by the 
motile stage, while it is shown in Olpidium Viciae by the non-motile stage. 
Polytoma, being a colourless Chlamydomonas, makes the resemblance of the 
two groups still greater. 

From the above considerations it might appear that Olpidium has been 
derived from the Endosphaeraceae or Chlamydomonas. But the number of 
the cilia and the cytological features ought to be considered decisive for 
this view. These algae are all biciliate and Olpidiwm is uniciliate, As to 


how much weight can be attached to the number of the cilia on the 


188 S. KUSANO: 


phylogenetic problem is a disputed matter. According to Lorsy (p. 111), 
the biciliate and uniciliate form of the Chytridiales constitute probably 
distinct lines of evolution. In Vtrriemm’s review (’08, p. 106), who agrees 
with Lorsy, we see that the number of the cilia may be possibly inconstant 
in members of the same genus, according to different habits. For this 
reason ATKINSON (’09b) discussed, supported by his own observations, the 
inadequacy of the principle of classification of funei based on the number of 
the cilia, while Prrersen (10) acknowledges neverthless the correctness of 
this method of classification with respect to the Chytridiales. If we accept 
Lorsy’s view, the phylogenetic connection of Olpidium with the above named 
green algae cannot be maintained, while ATKINSON’s argument does no 
violence to it. Therefore, taking the number of the cilia out of consideration, 
the resemblance we have considered may be in favour of the lone prevailing 
view that Chytridiales is derived partly from Protococeales. But this is 
by no means an unavoidable conclusion. The resemblance may lead 
us to another assumption. The Endosphaeraceae as well as Chlamy- 
domonas stand at the lowest rank in the green algae, so also Olpidiwn in 
the fungi It is then possible to conceive, if we assume both series of the 
fungi and the algae to have descended from a common ancestor, that the 
close resemblance manifested in the vegetative and reproductive phase of 
plants occupying the lowest rank of different series may be a natural con- 
sequence, because of their being at the first step of divergence of two series 
and at the least differentiated state from the ancestor. Lorsy (07) pronounced 
that Protomastigina (Senn) has derived the Flagellata, the above named 
algae through the Polyblepharidae, certain members of the fungi, and others, 
in different lines of evolution. In consideration of the phylogenetic position 
of Oljpidium T come to agree with him. In the Protomastigineae are 
embraced forms with different numbers of the cilium. Olpidium might have 
derived from the uniciliate form and the algae mentioned from the biciliate 
form allied to the former. The presence of the sexual reproduction in the 
Flagellata (ProwazexK, 07; Haaser, ’10) gives evidence for the fact of the 
parallel evolution of sexuality in three different lines, namely the Flagellata, 
the fungi, and the Isocontae group of the algae. It is noticeable that a 


somewhat similar life-cycle and organization as in Olpidium Viciae may 
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be presented in some Rhizomastigaceae (GonLpscumiptT, ’07) which bear 
a close affinity to the Protomastigineae, revealing the fact that paral- 
lelism in evolution can be seen in these lower animals and plants. 

As to the cytological feature, the similarity or dissimilarity in Olpidinm 
and the Endosphaeraceae cannot be decided, as the latter does not up to 
date afford any reliable evidence. Referring, however, to the Protozoa the 
cytology of Olpidium finds certain homologous points. Also the cytological 
study on other Chytridiales and the Plasmodiophoraceae yields similar results. 

From what follows it may be stated that Olpidium retains the nuclear 
characters of the lower Protozoa but its organization coincides remarkably 
with that of the lower algae. This is in favour of the view that the origin 
of Olpidium is at the level below the Tsocontae, its ancestor being allied to 
that of this algae group among the Protomastigineae. 

With this statement the arguments of ArkrNson (’09b) advanced as to 
the phylogenetic relationship of the Phycomycetes can be extended further 
down among the Chytridiales itself, wpon which he did not lay much stress. 
He maintains (p. 468) the existence of a natural series from the Chytridiales 
to the Oomycetes and Zygomycetes, showing the progressive evolution of 
the vegetative body and sexual process, instead of their being derived 
from the confervoid or siphonaceous algae. Though Burier (11), in studying 
anew aquatic fungus Allomyces belonging to the Leptomitaceae, comes to 
the view that this fungus family has perhaps been derived through forms 
resembling Monoblepharis from the Siphoneae among the green algae, the 
main line along which the fungi have developed may be, in my opinion, 
such as maintained by Arkinson. In the Chytridiales several stages in the 
differentiation of the vegetative body, from the non-mycelial to the mycelial, 
and of the sexual process, from the motile isogamous to the heterogamous, 
show the possibility of existence of the progressive evolution in its own 
series and are rather the evidence for the parallel evolution with the green algae. 

T cannot enter into details on the problem whether the members of the 


primitive fungi now included in the Olpidiaceae and Synchytriaceae ' show a 


1, Olpidiaceae: Reessia, Sphaerita, Monochytrium, Olpidium, Olpidiopsis, Pseudolpidium, 
Pleotrachelus, Ectrogella, Pleolpidium ; Synchytriaceae: Synchytrium, Woronina, Rhizomyxa, Rozella, 
Chrysophlyctis, Sorolpidium, ete, 


190 S. KUSANO: 


genetic connection among themselves, or whether they have been all derived 
from still lower organisms. Relating to the latter view a question may arise 
as to whether their origin is monophyletic or polyphyletic. Sphaerita has 
for a long time been considered as bearing an affinity with the Monadinae 
zoosporae Which are placed by zoologists among the Rhizopods. According 
to Marré and Tison (11), Ligniera, belonging to the Plasmodiophoraceae, is 
closely allied to Rhizomyxa and Woronina of the Chytridiales. NEMmEo’s 
Sorolpidium may connect in a similar manner the two plant groups. The 
cytology of Synchytrium (including Batiy’s Chirysophlyctis) is divergent from 
that of the other Chytridiales as studied up to date. Therefore, it may be 
that the non-mycelial lower Chytridiales embrace forms of heterogeneous 


origin. 


As we have already remarked, Olpidium simulans and Monochytrium 
stevensianum show, in the state hitherto investigated, respective resemblance 
with Olpidium Viciae. It leads us to speculate, presuming the further coin- 
cidence in points left untouched in the former two with the latter, that the 
description of O. simulans and M. stevensianum represents perhaps different 
phases of two species belonging to the same genus, if not one and the same 
species. A markedly similar habit of these fungi, occurring on the Com- 
positae in company with other parasites, the former with Synchytrium and 
the latter with Rhodochytrium, recalls our special attention and renders it 
desirable to submit them to a further examination. Although Olpidiwm 
Viciae resembles in the main either of them, the diversity of their host, the 
Leguminosae in the former and the Compositae in the latter, keeps us from 
reducing the three species into a single one, until evidenced by the reciprocal 


infection experiment and further comparative studies. 


On closing I remark that the announcement of the zoospore copulation 
set forth in the present article is by no means a misleading conclusion 
arrived at from an inaccurate observation such as based on certain Infusoria 
or the zoospores of other organisms. On such a misapprehension we may be 
disposed to fall in treating the aquatic organisms, and the result might be 


subjected to a severe criticism, were the material not originated from the 
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pure culture. In the present case, I have convinced myself of the correctness 
of the result, since it has been drawn from a 1—2 hours’ observation under 
the microscope from the beginning of the liberation of zoospores to the 
infection of the zygote, during which interval there was no other free-swim- 
ming organism liberated in the medium that may be confounded with 
the zoospore of Olpidium Viciae. Further I conclude that the copulation is 
a quite normal behaviour of the zoospores in relation to the development of 
the fungus. With this view I do not doubt the justness of Ezscn’s obser- 
vation, and I anticipate that a careful study on the Chytridiales will 
give an additional instance of this sexual act. The discovery of a single 
young resting sporangium at the binucleate state will be more convincing 
of this fact than an exhaustive study in observing the actual copulation with 


not abundant zoospores. 


X. Summary. 


1. In Olpidium Viciae, some of the zoospores become planogametes and 
form by copulation the motile zygotes. The zygote behaves quite similarly 
as an asexual zoospore up to a certain stage of the endophytic development. 
There is no morphological difference either between the asexual zoospore and 
the planogamete or between the gametes themselves (isogametes). 

2. Copulation may take place even between the zoospores derived 
from the same sporangium. It does not depend directly upon the external 
conditions in the medium, but chiefly on the internal conditions under which 
the zoosporangium is put during the formation of the zoospores. Perhaps 
it is connected with an unfavourable condition of nutrition in the sporangium. 

3. The mode of infection both of the asexual zoospore and the zygote 
is in agreement with that presented by most of the Chytridiales. 

4. Vegetative bodies derived from the zoospores develop into zoosporangiz. 
Under favourable conditions they mature in 5 days after infection. 

5. Zoosporangia tend to grow so as to fill up the host-cells. The short 
exit tube is single or numerous according to the size of the sporangium. It 
is produced on the centre of a lens-like swollen portion of the sporangium 


wall. The opening is due partly to its gelatinization and partly to the 
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osmotie pressure prevailing inside the sporangium. The early opening dis- 
charges the immovable spores massed in front of the mouth, while the later 
opening liberates the immediately swimming spores. The sporangium wall 
consists partly of cellulose. 

6. The final fashioning of the zoospores takes place after the mature 
sporangium is supplied with water. It is shown by the changes in structure 
of the sporangium contents lasting 5—10 minutes. 

7. The nuclei of the sporangium multiply during the vegetative phase 
by an amitotic-like division and during the reproductive phase by mitosis. 

8. The zygotes develop into resting sporangia. The zygote formation 
may be found among the zoospores, derived at the first period of the vegeta- 
tive season from the wintering resting sporangium. However, it takes place 
predominantly in the later periods. 

9. The resting sporangium is binucleate throughout the developmental 
stage. Attaining to the maximal growth and while precipitating the exospore, 
each nucleus makes buddings by a peculiar process. The budded portions 
are soon obliterated, throwing off their contents into the central vacuole of 
the sporangium. The subsequent uniform distribution of these nuclear 
substances in the cytoplasm makes the sporangium deeply stainable, reminding 
us of the chromidial stage. 

10. Throughout the resting period the resting sporangium is binucleate. 
Fusion of the nuclei takes place shortly before the germination. ‘The reduc- 
tion division in the zygote nucleus thus formed is highly probable. ‘The 
zoospores derived from the resting sporangium are quite similar morphologically 
to those from the zoosporangium. 

11. The copulation of the motile isogametes in the Olpidiaceae 1s an 
evidence for the view that the Chytridiales are not a degenerated form but 
form the lowest class in the progressive phylogenetic series of the fungi. 

12. In the morphology of the vegetative organ, the labile nature of the 
zoospore copulation, the formation of the motile zygote, and the mode of 
infection of the encysted zoospore and zygote, Olpidium Viciae coincides well 
with some of the Endosphaeraceae. ‘The number of the cilia is different in 
both. In cytological respects the fungus shows a certain resemblance with 


the Protozoa or the Plasmodiophoracere. ‘These facts may induce the opinion 
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that the Olpidiaceae, or at least Olpidium, lave derived from an ancestor 


below the level of the algae, perhaps in common with the latter. 


Postscript. 


The manuscript of the present paper was ready for the — press, 
when two interesting papers, both having more or less bearing upon 
the present work, arrived almost concurrently to my hand, one from England 
and the other from America. In the first paper, entitled ‘“ Development and 
sexuality of some species of Olpidiopsis (Cornu) Fischer” (Ann. of Bot., 
Vol. XXVI, No. CI, January, 1912, p. 209), J. T. Barrerr describes at 
certain lengths the cytology of the zoosporangium and the resting spore 
(oospore). He concludes that “true sexuality probably  exists”’, taking 
place by ‘a supposed fusion of nuclei”. This disagrees with BAtty’s 
conclusion on the nuclear feature of the similarly formed resting spore 
of Urophlyctis. We learn from his work that Olpidiopsis is eytologically 
divergent from other members of the Olpidiaceae, making it unnatural to 
include the fungus in this family. In the second paper, ‘‘The develop- 
ment and cytology of Rhodochytrium ” (Bot. Gaz. Vol. LIT, No. 2, 1912, 
p. 127), Griaas gives the cytology of a fungus-like alga at full length. He 
points out clearly striking cytological resemblances between Ithodochytrium 
and Synchytrium. ‘The comparison of Olpidivm and Rhodochytrium in respect 
to the nuclear features in the sexual process would have revealed certain 
interesting facts, had he been able to give more detailed accounts of the 
resting spore. From his results we may say that the Mndosphaeraceae are 
monoenergid, and this gives an evidence for our view that Olpidinm bears 
no direct phylogenetic connection with this family of aleae. It is fortunate 
that the general remarks given in my present paper are not invalidated, but 
rather are supported, by the facts found by these writers. 

March, 1912. 
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EXPLANATION OF PLATES. 


PLATE XY. 


All figures except Fig. 37 were drawn from the fresh material. 


Fig. 1. Zoospores. x 800. 


Fig. 2. Abnormal zoospores. x 800. 
Fig, 3. The same. x 890. 
Fig. 4. Successive stages of disintegration of a zoospore, x 800. 


Fig. 5. Zoospores stopped from swimming for encystation. x 800. 
Fig. 6. Encysting zoospore. x 800. 
Fig. 7. Eneysted zoospore. x 800. 
Tie. 8. Eneysted zoospore on a slide with the shrunken content. x 800, 
Pig. 9. Zoospores in creeping movement. x 800. 
Fig. 10. Zoospores come in contact for copulation. — x 800. 
Pig. 11. Zoospores in fusion, x 800. 
Pig. 12. Zygotes just formed, creeping over the substratum in amoeboid movement. — x 800, 
Fig. 13. Zygotes rounding off for swimming. x 800. 
Fig. 14. Zygotes in swimming movement. x 8)0. 
Fig. 15. Zygote coming to rest. x 800, 
Vig. 16. Zygotes becoming again amoeboid. x 800. 
Zygote beginning to swim. x 800. 
Tig. 18, Zygote coming to final rest. x R00. 
Vie. 19. Eneysting zygote. x 800. 
Fig. 20. Eneysted zygotes. x 800. 
Pig. 21. Eneysted zygotes upon a slide with the shrunken content (about two hours after 
eneystation). x 800 


Vig. 22, Infection of the zygote on the host-cell, a, infection tube is formed; b, plasm begins 
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to migrate; c, migrated plasm attaches to the tube; d, plasm freed from the zygote wall. x 800. 

Fig. 23. Germinating zygotes producing long tubes. x 800. 

Fig. 24, Surface view of a host-cell with infecting and infected fungus bodies. 2,x, cyst wall 
and the fungus body migrated from, x 800. 

Figs. 25-40. Development of the zoosporangium. 

Fig, 25. Two host-cells with youngest fungus bodies attached to the nuclei (18 hours after 
infection), x 300. 

Fie. 26. Host nulcei and the fungus bodies attached to them (a day after infection). x 300. 

Fig. 27. Host-cells with the fungus bodies more advanced in growth (2 days after 
infection), x 300. 

Fig. 28. Later stages. x 300. 

Fig. 29. A fungus body two days older than in Fig. 28. x 300, 

Fig. 30. A full grown zoosporangium and a young resting sporangium, both derived from 
the spores infected at the same time, x 300. 

Fig. 31. A single large and still immature zoosporangium, and small aggregated mature 
sporangia loosely arranged. all infected at the same time. ‘The host-cells of the latter are turned 
brownish, x 300. 

Fig. 32. Surface view of a diseased spot. a, zoosporangium with reticulate plasm; 6, z00- 
sporangium with homogeneous plasm; c, fashioning of zoospores; d, liberation of zoospores ; 
e, nearly adult resting sporangium ; f, healthy host-cell. x 300. 

Fig. 33. Infection on adult epidermis (surface view), one cell containing a full grown 
zoosporangium and the other two containing emptied zoosporangia. x 300. 

Fig. 34. Surface view of a swollen epidermal cell containing a large zoosporangium. Five 
beaks are formed on the exposed surface of the host-cell. x 300. 

Fig. 35. Small aggregated emptied zoosporangia in a swollen host-cell (surface view), each 
with a single beak. x 300. 

Fig. 36. Aggregated emptied zoosporangia compactly packed in the host-cell (more than 20 
in number). x 300, : 

Fig. 37. Formation of the beak. Its apex dissolves partly the wall of the host-cell 
(microtome section), x 800. 

Fig. 38. Appearance of two beaks outside the host-cell. x 809. 

Pigs. 39. 40, Swollen beaks about to rupture, x 800, 

big, 41. Young resting sporangia. x 300. 

Fig. 42. The same, one day older than the zoosporangia shown in Fig. 28. x 300. 

Fig. 43. The same more advanced in growth. x 300. 

Fig. 44. Adult resting sporangia. x 300. 

Fig. 45. Resting sporangium examined in winter. x 800. 

Fig. 46. The same examined in spring. x 800. 


Fig. 47. Germinating sporangium, showing the dissolution of the outer layer of the 
endospore. a, formation of the beak on the endospore (stained with gentian violet). x 800, 


Fig. 48. Sporangium discharging the zoospores. x 800, 
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Fig. 49. Emptied sporangium in a dead host-cell. x 800. 
Fig. 50. A heap of adnormal cells on the stem. 


Fig. 51. Transverse section of a leaf throngh the diseased spot. 


PLATE XVI. 


Zoosporangium. 


Fig. 1. A host-cell with a single fungus body (ons day after infection; comparé PLS Xve 
Fig. 26). x 900. 

Fig. 2. Numerous fungus bodies at the same stage, adhering to the host nucleus. x 900. 

Fig. 3. Binucleate stage of the fungus bodies. x 900. 

Figs. 4, 5. Four-nucleate stage. x 900. 

Figs. 6-8. Further geowing stages with increasing number of nuclei. x 900. 

Fig. 9. A zoosporangium and a resting sporangium in the same host-cell and growing at 
the same rate. x 900. 

Fig 10. Premature zoosporangia going to produce the zoospores without passing through 
the reticulate stage of cytoplasm. x 900. 

Fig. 11. Further stage of the zoosporangium shown in Fig. 9. x 900. 

Figs. 12-13. Succeeding stages developing a central vacuole. x 900. 

Fig. 14. Nuclei from the zoosporanginm at the same stage, showing the dividing stages. 
x 2700. ; 

Fig. 15. A pair of daughter nuclei from a sporangium at the similar stage. x 2700. 

Fig. 16. Nuclei at the resting condition. x 2700. 

Fig. 17. Zoosporangium more adyanced in growth than in Fig. 13; central vacuole 
disappears and the cytolpasm becomes reticulate. x 900. 

Fig. 18. Further stage of the zoosporangium producing the sporangium wall. x 900. 

Fig. 19. Zoosporangium approaching maturity, having formed a distinct wall and a beak on 
it. The nuclei are at the spindle stage. x 900. 
20, Zoosporangium at the next stage; zoospore nuclei are already formed. x 900. 
Fig. 21. Fashioning of the zoospores. x 900. 


Fig. 22. Nuclei from the zoosporangium shown in Fig. 18, perhaps at the exly prophase 


Fig. 23. Nuclei from a zoosporangium at a similar stage. x 2700. 
Fig. 24. Spindles from the zoosporangium shown in Fig. 19. x 27009. 
Big. 25. A portion of Fig. 20 magnified. x 2700. 

Fig. 26. A portion of Fig. 21 x 2700. 


PLATE XVIL 
Resting Sporanqgium. 
Figs. 1-5. Younger stages of resting sporangia, x 900. 


Fig. 6. Gamete nuclei from the sporangiam shown in Vig. 5. x 2700, 
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Fig. 7. A fall grown spornginm with exospore, showing the beginning of the extrusion 
process in the nuclei. x 900. 

Fig. 8. The same, showing the nuclei in budding. x 900. 

Fig 9. The seme, showing the nuclei more advanced in budding, x 900, 

Fig. 10. Gamete nucleus at the stage of budding. x 2700. 

Fig. 11. Spormngium in which the badded portion of one nuclens remains intact and that 
of the other nucleus disorganizes. x 900. 

Fig. 12. The same at the similar stage. x 900. 

Figs. 13-14. Sporngia in which the extruded nuclear substances are thrown off in the 
central vacuole. x 900. 

Fig. 15 Fmther stage of the sume with the nnclear substances arranged in a reticulum. 
x 900. 

Fig. 16. Sporanginm, showing the decreasing of the centr vacuole in size and the dispers- 
ing of the nuclear substances in the cytoplasm. x 900. 

Fig. 17. Sporangium approaching the adult stage, producing the endo- and exospore. The 
nuclear substances are still found in the central vacnole. x 900. 

Fig. 18, An adult sporanginm with the compact cytoplasm; the nuclear substances are 
distributed uniformly throughont. x 900. 

Fig. 19. Sporangium in wintering condition (Jannary 11, 1908). x 1890. 

Fig. 20. The same shortly before germination (April 9, 1908). x 1890. 

Fig 21. Approach of two gamete unclei. x 180. 

Figs. 22, 23. Zygote nuclei. x 1800. 

Fig. 24. Zygote nucleus, showing perhaps the synapsis stage. » LSD0. 

Fig. 25. Drophase stage of the zygote nucleus. x 1800. 

Pig. 26. Later anaphase stage of the same (?). x 1809, 

Fig. 27. Daughter nuclei just formed from the zygote nucleus. x 1800. 

Figs. 28-29. Danghter nuclei at the metaphase stage. Spindle fibres are obscure. x 1800. 

Fig. 30. Four-nucleate stage of the germinating sporanginm; the one nucleus at the dividing 
stage and the one finishing the division. x 1800. 

Fig. 31. Sporangium with four pairs of daughter nuclei jast formed. The nuclei are 
represented by stellate nucleoli. x 1800. 

Fig. 32. Differentiation of chromatin granules from the nucleoli. x 1800. 

Fig. 33. The nuclei at the resting condition. x 1800. 

Fig. 34. Sporangium with innumerble nuclei perhaps at a certain dividing stage. x L800. 

Fig. 35. Later stage of the germinating spormnginm with innumerable resting nuclei; 


perhaps the stage shortly before the fashioning of the zoospores.  « 1800, 
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Studien tiber den anatomischen Bau des Holzes 
der japanischen Nadelbaume. 


Von 


M. Fujioka. 
Mit Taf. XVIUI—XXIV. 


Vor wort. 


Ubung und Erfahrung sind zur Erkennung der Holzer von der gréssten 
Bedeutung. Wer stets mit Holzern zu tun hat, ist daher im stande, bloss 
dem dusseren Aussehen nach die meisten richtig zu bestimmen, was in der 
Tat mit Leichtigkeit geschehen kann, wenn die Anzahl der zn behandelnden 
Holzer nur gering ist. Je grosser die Anzahl der zu bestimmenden Holzer 
wird, desto schwieriger wird dieses Bestimmen sein. TF tr unsere Forstleute 
und Holzkonsumenten, die die Holzer von recht mannigfaltiger Art richtig 
unterscheiden mussen, ist 6s fast unmdeglich, sich bei diesem Bestimmen nur 
auf das blosse Aussehen zu verlassen, wenn auch die Nadelbaumholzer ihrem 
Geftige nach, wie Farbe, Geruch, Glanz und Jahresringbreite im normalen 
Zustande teilweise erkannt werden koénnen. Daher mussen wir dabei ausser 
der Textur noch moglichst viele andere Merkmale in Rechnung_tragen, 
obwohl dieselben nicht immer absolut entscheidend und auch nicht immer 
leicht wahrnehmbar sind. Von diesem Standpunkt aus konnen viele tech- 
nische Eigenschaften zum Zwecke der Erkennung dienen; auch die Farbe 
der Losung, welche man aus dem Holz durch Behandlung mit heissem 
Wasser oder mit anderen siedenden chemischen Flussigkeiten bekommen 
wird, oder sogar das Brennen der Holzer kann zu Hilfe gezogen werden. 
Das Bestimmen unter dem Mikroskop, wenn es auch aus naheliegenden 


(Jour. Coll. Agric., Vol. IV, No. 4, 1913.] 
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Grunden durch Forstleute nicht immer ohne weiteres ausgefiihrt werden 
kann, liefert uns jedoch die reelle Grundlage zur Erkennung; und wenn 
man mit einiger Ubung die meisten Arten ohne Mikroskop viel einfacher 
und leichter als mit demselben bestimmen kann, muss dennoch nattrlich die 
auf anatomischer Grundlage gegriindete Unterscheidung als die sicherste 
Methode bezeichnet werden. Ferner kann die Verfialschung sicher nur mit 
Hilfe der Anatomie entdeckt werden, da dann fast immer nur ein kleines 
Stuck zur Verfugung steht. Die anatomische Erforschung der Holzer ist 
nicht nur zum LEestimmen, sondern auch in vielen anderen Beziehungen 
unentbehrlich. Prof. Dr. NorpimGceEr betont in seinen Werke: ,,Da das Holz 
nach drei Richtungen verschieden gebaut ist, vermogen wir ohne Kenntnis 
des anatomischen Baues auch die Festigkeitserscheinungen nicht zu erklaren.“ 
Auch Prof. Dr. Mayr sagt: ,,Sicher sind die sich iu physikalischen und 
technischen Eigenschaften darstellenden Verschiedenheiten der Holzer zum 
grossen Teile in den anatomischen Verhiltnissen begrindet, ob die Anatomie 
zur Aufhellung der mizellaren und molekularen Struktur der Zellhaiute, deren 
Bedeutung fur das chemische, physikalische und technische Verhalten der 
Holzwandung uberhaupt noch ganz im unerforschten Dunkel liegt.« In der 
Tat bildet die Kenntnis der Holzanatomie die Hauptbedingung zum Erforschen, 
nicht nur der Festigkeit, sondern auch der anderen allgemeinen Eigenschaften 
der Holzer. 

Aus diesem Grunde habe ich die histologische Untersuchung der Holzer 
nebst deren makroskopischer Bestimmung vorgenommen. Diesbezuglich hat 
aber Herr Dr. Y. Nakamura vor langer Zeit eine Arbeit veroffentlicht, die 
leider nur wenige Arten umfasst und, mir einige Unrichtigkeiten zu enthalten 
scheint. Meine vorliegende Arbeit bezweckt mithin die Erginzung und 
Berichtigung jener. Infolge des Fehleus von Proben habe ich einige Arten, 
d. h. Biota orientalis, Keteleeria Davidiana var. formosana, Taiwania crypto- 
merioides, etc. nicht untersuchen konnen, die allerdings forstlich von ganz 
geringer Bedeutung sein durften. 

Was die Methode der Anfertigung der Dauerpriparate aulangt, so kochte 
ich zuerst kleine Wurfel der Materialien mit Ausschluss des Zweiges’ uber 24 
Stunden in Wasser. Dadurch wurde das Holz etwas erweicht und schnitt- 
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fihig gemacht. Diese Wiirfel behandelte ich dann mit Hydrofluorsiiure, die 
vor dem Schneiden durch Auswaschen mit Wasser wieder entfernt werden 
musste. Wenn auch die Konzentration dieser Siiure und die Dauer der Ein- 
wirkung natirlich nach der Natur der betreffenden Objekte variabel sind, so 
habe ich im Allgemeinen die Holzer in 309% Siiure etwa 2 Monate lang liegen 
lassen. Das Auswaschen dieser Saiure durch Wasser bedarf mehrerer Stunden, 
doch kann man dies durch Kochen of tsehr beschleunigen. Diese Materialien 
habe ich vorher in ein Gemisch von 1 Teil 909 Alkohol und 1 Teil Glycerin 
gebracht. Zum Schneiden gebrauchte ich einfach ein gewohnliches Rasir- 
messer und zur Entfernung der Luft bediente ich mich einer Wasserstrahl- 
pumpe, was fur die Untersuchung der Radialschnitte besonders erforderlich 
war. Ich legte dabei die Schnitte in einem Probierrohr derartig, dass sie 
beim Schutteln desselben direkt in die Tinktur (Safranin-Losung) hineinfallen 
konnten. Dieses Rohr hiingte ich in eine auszupumpende Flasche und 
nahm es erst wieder haraus, nachdem die Schnitte in der Tinktur gesunken 
waren. Fir die Firbung sind etwa 24 Stunden erforderlich. Beim Uber- 
tragen der Schnitte bediente ich mich der gewohnlichen Ubertragungsmethode 
aus Wasser in Canadabalsam. 

Was die Nomenklatur anbetrifft, so schliesse ich mich hauptsichlich Dr. 
GorHaN an. Die Zahlenbeispiele wher die Zellwandungsdicke sowie die 
Zahl der Markstrahlzellen am Tangentialschnitt, welche ich unten angebe, 
sind naturlich nach den Individuen etwas variabel. Die Farbe und der 
Geruch sind den meisten Nadelbiumen eigentiimlich, und man kann oft 
bloss dadurch die Arten unterscheiden, was aber im Allgemeinen erst nach 
langer Erfahrung moglich sein dirfte. Die Beschreibung iiber die Splint- 
holzfairbung ist bei einigen Holzern weggelassen, wo mir ein Exemplar des 
Splintes nicht zur Verfiigung stand. 

Schliesslich moge mir hier gestattet sein, Herrn Prof. Dr. Kawat meinen 
herzlichen Dank auszusprechen, da ich unter ihm diese Arbeit begonnen 
und zu Ende gebracht habe. Herren Prof. Dr. IkeNo und Kusano und 
Dr. Y. Suzvuxi, die mich bei der Ausfiihrung dieser Arbeit—sei es durch 
gelegentlichen Rat, sei es durch freundliche Anweisung—unterstitzt haben, 
bin ich auch zu besonderem Dank verpflichtet. Andern Herren mochte ich 
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Beschreibung der untersuchten Arten. 


Ginkeo BiLoBa L. (Ichd). 


Das Splintholz ist sehr breit und gelbweiss, wahrend das Kernholz 
gelblich bis dunkelgelb ist. Die duankelgefirbte Spatholzschicht geht ganz 
allmihlich in die schwach gefirbte Frihholzschicht tber. Die Markstrahlen 
sind sehr fein, aber deutlich. Das Holz ist meist breitringig, doch manchmal 
schmalringig. Als besonders ausgeprigte Merkmale dieses Holzes dienen 
kleine, nur auf der Hirnfliche sichtbare weisse Ptnktchen, die fast ebenso 
ausselen, wie die Harzgiinge der Holzer von Pinus-Arten. Naheres daruber 
unten bei mikroskopischen Befunden. Wegen seiner grossen Dimension und 
dichter und homogener Textur ist dieses Holz besonders als Wandtafelmaterial 
hochgeschiitzt. 

ANATOMISCHER Bau. Das Holz ist makroskopisch wie mikroskopisch leicht 
erkennbar. Was den anatomischen Bau dieses Holzes anlangt, so besteht es 
nur aus bald weiten, bald englumigen Tracheiden, deren Wandung im Frth- 
und Spatholz so gleichmiissig ist, dass auf Querschnitt die Jahrringerenze sich 
nur durch die etwa in Tangentialrichtung gestreckten englumigen Endzellen 
erkennen lisst (Fig. 1); dieselbe betrigt im Frihholz ca. 3-54 und im Spat- 
holz ca 4-54. Die kreisrunden Hofttupfel der Tracheiden sind bei weitlumigen 
nicht selten zweireihig, und die Poren sind ofters gekreuzt, besonders im Spiit- 
holz. Diese Hofttupfel kommen auch an den Tangentialwanden vor, dabei sind 
sie nur sparlich an Zahl und viel kleiner als an den Radialwinden. Die 
Markstrahlen sind 1 bis 11, meist 1 bis 5 zellenhoch. Die den anstossenden 
Tracheiden angehorigen Markstrahltupfel sind von rechts oben nach links 
unten geneigt und beim Fruhholz schmal elliptisch, selten mit einem 
iiusserst schmalen Hofe versehen, oder ,,eiporig.“« Hier betragen sie 2 bis 5 
pro Kreuzunegsfeld. Im Spatholz sind sie fast schrig-linear und _ betragen 
meist 2 pro Feld. Die Zellwandung dieses Strahlparenchymes ist ringsum 
am dunnsten unter allen unseren Nadelholzern. 

Obwohl die oben erwihnten Merkmale fur die Erkennung des Ginkgo- 


Holzes genuigen, konnen wir doch nicht weiter gehen, ohne einige Worte 
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uber die Krystillschliuche zu sagen—ein besonders entscheidendes Merkmal 
dieses Holzes. Die Schliuche, welche aus iusserst dunnwandigen, stark 
gebauchten, meist elliptischen Siicken bestehen, dilneln sehr den Markstrahlen 
im Querschnitte, sind aber viel grosser (Fig. 2). Auf dem Querschnitt kann 
man sie dadurch erkennen, dass diese zarten Zellen regellos hier und da 
zerstreut vorkommen und etwas grésser sind als die umgebenden 'Tracheiden 
(Fig. 1). Alle diese Schliuche enthalten im allgemeinen sternformige Cal- 
ciumoxalatkrystalle. 


PopOCARPUS CHINENSIS Wall. (Maki). 


Das Holz ist braunlichgelb und nach dem Aussehen etwa dem von 
Thujopsis dolabrata ahnlich, was auf die gleichmiissige Zerstreuung im Holz 
von die rotbraunen Harzkornchen enthaltenden Parenchymzellen zurickzu- 
fiihren ist. Der Ubergang des Kernholzes ins Splintholz ist sehr allmiihlich, 
und beide sind nicht sehr verschieden. Charakteristisch ist die schmale 
gelblichweissgraue Frihzone; auf Hirnende zeigt die breite briunlichgelbe 
Spatzone nicht selten den halbmondformigen Zuwachs. Die Jahrringe sind 
bald schmal, bald breit. Die Markstrahlen sind dusserst fein, zahlreich und 
gelblich gefirbt. Das Holz ist geradfaserig, gut spaltig und sehr dauerhaft. 

ANATOMISCHER Bau. Das Holz besteht aus Tracheiden und Holzparenchym. 
Was die Zellwandverdickung betrifft, so betriigt die des Fruhholzes 3-4y, die 
des Spatholzes 4-54. Die weit- und englumigen Tracheiden treten in ein 
und derselben Fruhschicht zusammen (Fig. 3). Nicht selten tritt der 
Hoftupfel mit randlicher Begrenzung und schrig-elliptischem Porus auch an 
den Tangentialwiinden des Fruhholzteiles auf (Fig. 4). An den Radialwinden 
sind dieselben Hoftiipfelpori meist gekreuzt und im Spiitholz schriig-schmal- 
elliptisch. Die Querscheide des Strangparenchymes ist meist fast glatt und 
horizontal gelegen, nur selten ist sie mit unvollkommenem ,, Hocker “ ver- 
sehen. Die sehr zahlreichen Markstrahlen sind einreihig und 1 bis 21, meist 
1 bis 14zellig; sie besitzen glatte Horizontal- sowie Tangentialwiinde, von 
denen die letzteren besonders diinnwandig sind. Die Markstrahlttpfel dieses 
Holzes nennt man kurz ,, podocarpoide Tiipfel,“« wo der Porus im Fruhholz 


schmal-elliptisch und im Spitholz fast linear ist. Rei unseren Podocarpus- 
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Arten ist er aber niemals vertikal gerichtet, sogar im Spatholz etwas geneigt 
(Fig. 5). 

Uberdies habe ich bei weitlumigen Tracheiden Gfters breitelliptischen 
Porus beobachtet. Die Zahl der Markstrahltupfel betrégt im Fruhholz 1 
oder 2, meist 1 (Innenzelle), und 1 bis 3, meist 2 (Grenzzelle), und im 


Spitholz immer 1 pro Kreuzungsfeld. 


Popopareus Nace R. Br. (Nagi). 


Das Holz ist bald schmal-, bald breitringig wie bei Podocarpus chinensis. 
Die Markstrahlen sind ausserordentlich fein. Die Farbe ist der des Holzes 
von Thujopsis dolabrata sehr aihnlich. Die Begrenzung zwischen Fruh- und 
Spatzone ist nicht so scharf wie bei P. chinensis; aber im grossen und 
ganzen ist dieses Holz in allen Beziehungen dem letztgenannten ahnlich. 

ANATOMISCHER Bau. Der histologische Bau dieses Holzes stimmt fast mit 
dem von P. chinensis uberein. Die Harzparenchyme sind zerstreut, die Quer- 
scheiden derselben sind meist fast glatt und schief oder horizontal gelegen. Auf_ 
Tangentialschnitt beschriinken sich die Hofttpfel der Tracheiden vorherrschend 
im Spitholz (nur selten im Fruhholz), dabei sind sie meist gekreuzt. Auf 
Radialschnitt kommen die etwa elliptischen Pori der Hoftwpfel auch meist 
gekreuzt vor, und die dem Spiitholzteile angehorigen schmal-elliptischen 
bleiben noch etwas geneigt. Die geringe Verschiedenheit in der Zellwand- 
ungsdicke zwischen Fruh- und Spitholz ist bemerkenswert; sie betrigt im 
allgemeinen 2-34. Der Dickwandigkeit wegen sind die Horizontalwande 
des Strahlparenchymes nicht so glatt wie bei der vorigen Art. Die schiefen 
,, podocarpoiden “* Markstrahlttpfel treten im Fruhholz in Zahl von je 1 oder 
2, meist je 1 (Innenzelle), und je 1 oder 2 (Grenzzelle) pro Feld auf, im 


Spatholz betragen dieselben 1 (Innenzelle) und 1 oder 2 (Grenzzelle). 


CEPHALOTAXUS DRUPACEA S. et Z. (Inugaya). 


Das Kernholz fehlt fast ganz. Das Holz ist schwach gelblichweiss, 
aber nicht selten braiunlichgelb, wenn die MHarzparenchymzellen stark 


entwickelt sind. Die Markstrahlen sind sehr fein, zahlreich und gelblich 
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wie bei den meisten Nadelbiiumen. In Druckholzteile dieses Holzes findet 
man 6fters im Vergleich mit den whbrigen Nadelbiiumen ein umgekehrtes 
Verhiltnis bei der Fiirbung innerhalb eines Jahrrings, da die stiirkere 
dunkelbriunliche Firbung in der Frihzone stattfindet. Diese dunklere 
Firbung geht allmihlich in die gelblichweisse Herbstzone wtber, was der 
allgemeinen Regel gerade umgekehrt ist (Fig. 9). Das Holz ist miissig 
hart, von gleichmissigem Gefiige und kann unter unsern Nadelholzern am 
glittesten gehobelt werden. Es konnte vielleicht gutes Material fur Schnit- 
zereien oder Masstibeanfertigung liefern. 

ANATOMISCHER Bau. Die meist gekreuzten Hoftipfel kommen an den 
Radialwiinden des Frih- und Spiitholzes vor. Die Tracheiden sind verschie- 
denlumig und so stark verdickt, besonders im Frihholz des gedrickten Teiles, 
dass die Zellumen rundlich sind. Sehr auffallend ist die stiirkere Wandver- 
dickung der Fruhholzzellen, wie bei den Spitholzzellen, was bei andern 
Holzarten niemals der Fall ist (Fig. 7). In der Nihe der Jahrringgrenze 
betrigt sie im Frih- und Spiitholz ca. 3-4. Die Tangentialwénde der Breit- 
fasern sind nur sehr selten hofgetupfelt. Was die ,, Taxaceen-Spiralen “ dieses 
Holzes anlangt, so verhalten sie sich wie bei anderen Taxaceen. Uberdies 
fiihrt es immer Harzparenchym, das im Friihholz wie auch im Spiitholz zer- 
streut in grosser Menge vorkommt, was die starke Firbung des Holzes 
verursacht. Die Markstrahlen sind 1 bis 26, meist 4 bis 16 Zellen hoch und 
man beobachtet selten zweireihige (Fig. 8). Die Tangentialwiinde des Strahl- 
parenchymes sind meist dtinnwandig und bald schriig, bald senkrecht zur 
Wandung derselben gelegen ; die Horizontalwiinde derselben sind dickwandig, 
daher nicht ganz glatt, und zeigen, obwohl spiirlich, ,, lochporige “ Verdickung. 
Markstrahltiipfel mit schrig, etwa schmal-elliptischem Porus treten im 
Fribholz, je 1 oder 2, meist je 1 (Innenzelle), und je 1 bis 3, meist je 2 
(Grenzzelle), und im Spitholz stets je 1, pro Feld auf. 


TORREYA NUCIFERA S. et Z. (Kaya). 


Das Holz hat ziemlich breiten, schwach gelblichweissen Splint, we!lcher 
sehr allmahlich in das gelbe Kernholz tbergeht. Die Jahrringe sind 


schwachwellig. Das Holz ist hart, schmalringig, sehr elastisch, spaltbar, sehr 
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dauerhaft und wirft sich nicht, aber bildet leicht Luftrisse. Der eigentum- 
liche lang andauernde starke Geruch, welcher durch iitherische Ole verursacht 
wird, bildet ein ausgepriigtes Merkmal dieses Holzes. Ofters ist es durch 
punktierte Adventivknospenspuren ausgezeichnet. 

ANATOMISCHER Bau. Das Holz besteht nur aus Tracheiden mit je 1 bis 
von links nach rechts, bald ganz umgekehrt verlaufenden Spiralen und fuhrt 
3, meist je 2, bald keine Harzgiinge. Die Zellwandungsdicke betrégt im 
Fribholz ca. 34 und im Spitholz ca. 3-54. Die Markstrahlen sind 2 bis 18, 
meist 4 bis 9 Zellen hoch. Die Horizontalwinde derselben sind etwas diinn- 
wandig, sie zeigen aber selten ,, lochporige ‘‘ Verdickung, wie man auf Quer- 
oder Radialschnitt erkennen kann. Die Tangentialwinde sind ausserst dunn- 
wandig, daher ganz glatt, und meist senkrecht gelegen. Die Markstrahltupfel 
sind geneight, ebenso wie bei den bisherigen Arten, von rechts nach links, 
und die rundliche Hofbegrenzung derselben ist etwas deutlicher als der Umriss 
des schmalelliptischen Innen-Porus, der im Spatholz fast linear ist. Diese 
Tupfel kommen im Fruhholz zu je 2 (Innenzelle) und je 1 bis 4, meist je 3 
(Grenzzelle), und im Spatholz zu je 1 oder 2, meist 1 (Innenzelle), und je 1 


oder 2, meist 2 (Grenzzelle) pro Kreuzungsfeld vor. 


Taxus cuspipaTa S. et Z. (Ichii). 


Das Splintholz ist sehr schmal und schwach gelblichweiss. Das dunkel- 
rote Kernholz ist scharf vom Splint begrenzt. Die sehr schmale Spdatzone 
zeichnet sich scharf durch seine dunkle Firbung auf Hirnende, sowie auf 
Lanegsfliche ab. Die Markstrahlen sind so fein, dass sie auf Hirnflaiche mit 
freien Augen fast unerkennbar sind. Das Holz ist schmalringig und nimmt 
schone Politur an. Wegen des Fehlens der gefarbten Streifen des Holz- 
parenchymes und des angenehmen Geruches kann das Holz von 7’. cuspidata 
von dem von Juniperus chinensis leicht unterschieden werden. 

ANATOMISCHER Bau. Das Holz besteht nur aus Tracheiden und hat keine 
Harzgiinge. Die Tracheidenwandung ist im Fruhholz ca. 34 und im Spatholz 
ca, 54 dick. Die spiralige Verdickung der Tracheiden ist gleichmiassig verteilt 
und so auffalleud, dass es unmiglich ist sie zu iibersehen, in Ubereinstimmung 


mit Vorreya und Cephalotaxus. Diese Taxaceen-Spiralen verlaufen je 1 bis 3, 
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meist je 2, von links nach rechts; nicht selten kann man in einer und 
derselben Zelle ganz umgekehrt verlaufende Spiralen beobachten. Die 
Hoftipfelung der Tracheiden liisst sich an den Radialwiinden des Frih- und 
Spitholzes erkennen, obwohl sie im letzteren geringer an Zahl, viel kleiner 
und mit schmalelliptischem Porus versehen ist. Die Tangentialwand der 
Breitfasern, besonders der Endzellen jedes Jahrrings, ist dagegen niemals 
hofgetipfelt. Die zahlreichen Markstrahlen bestehen aus 2 bis 18, meist 5 
bis 12, dunnen, daher glatten, stark in der Radialrichtung gestreckten Zell- 
en, deren Tangentialwiinde bedeutend dunner und meist schrag gelegen sind. 
Was die Form der Markstrahltupfel betrifft, so besitzen sie viel breiteren 
Tupfelporus, der erst im Spiitholz schmal-elliptisch wird. Dieser Tupfel 
kommt im Fruhholz zu je 1 oder 2, meist je 2 (Innenzelle), und je3 oder 4 
(Grenzzelle), und im Spitholz zu je 1 (Innenzelle) und je 2 (Grenzzelle) pro 
Feld vor. 


SCIADOPITYS VERTICILLATA 8. et Z. (Koyamaki). 


Das Splintholz ist sehr schmal, weiss, wiahrend das Kernholz schwach 
gelblich ist. Die Markstrahlen sind sehr fein, doch etwas deutlich. Die 
Jahrringe sind stellenweise grobwellig. Das Holz ist schmalringig, fein- und 
geradfaserig, gut spaltbar und dauerhaft. Der eigentumliche Geruch zeichnet 
es leicht aus. Es geschieht nicht selten, dass die Bildung des schwarz- 
bréiunlichen Druckholzes durch die ganze Jahrringsbreite geht (Fig. 
16). 

ANATOMISCHER Bau. Dieses Holz ist sowohl makroskopisch als auch 
mikroskopisch mit Leichtigkeit erkennbar. Der Ubergang vom Spiitholz ins 
Frubholz ist scharf. Es besteht nur aus Tracheiden. An der Tangentialwand 
des Spiitholzes sind zahlreiche spaltformige, nicht selten gekreuzte Tupfel 
vorhanden. Die Radialwand ist sehr reich an Hoftupfeln, die sogar im 
Spiitholz, wie beim Tangentialschnitt, als schmalspaltformig sich erweisen. Die 
Zellwandungsdicke ist im Fruhholz ca. 34 und im Spitholz ca. 64. Die Mark- 
strahlen sind niedrig, d. h. 2 bis 9, meist 3 bis 6 Zellen hoch, was das Holz 
wenig spaltbar machen kénnte, doch ist es wirklich aus besonderen Ursachen 


gut spaltend. Charakteristisch ist fiir dieses Holz die Perforation der Strahl- 
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parenchymzellen, deren Wandung ausserst dtinn und glatt ist. Verfolgt man 
auf einem Radialschnitt die Markstrahltiipfel vom Spitholz bis zum Frih- 
holz, so beobachtet man, dass die Tupfel anfiinglich mit senkrecht gerichteten 
linearen oder schmal-elliptischen Pori versehen sind, dann plotzlich zu den 
soz. “cupressoiden,“ d. h. zu solchen mit etwas breit-elliptischen Pori 
werden. Dabei bleibt zuerst ein ziemlich breiter Hof; aber er nimmt immer 
an Grosse ab, bis schliesslich der Porus dem Hofe an Grdésse gleich wird 
und sich fast horizontal stellt. Solehe hoflose Markstrahltupfel, sog. 
,, eiporige,“ erinnern an die der Kiefer. Alle diese Markstrahltupfel treten 
stets zu je 1 pro Feld (Fig. 15). 


CUNNINGHAMIA SINENSIS R. Br. (Koyodsan). 


Der Splint ist gelblichweiss und nicht breit; das Kernholz ist schwach 
briunlichweiss. Die Begrenzune zwischen beiden ist nicht scharf. Die 
Markstrahlen sind fein und deutlich. Das Holz ist zeitweise gliainzend und 
bald breit-, bald schmalringig uud mit grobwelligen Jahrringen versehen. 
Auf Hirnfliche geht die stark gefirbte Spitzone allmihlig in die Fruhzone 
tiber. Die gefirbten kurzen Striche, welche von den Harzparenchymzellen 
herrithren, sind reichlich vorhanden, sowohl in Spéitzone als auch in Fruh- 
zone, besonders in ersterer; ausserdem sind oft die Markflecke sichtbar, 
besonders in der Mitte eines Jahrrings. Das beste Erkennungsmerkmal 
dieses Holzes besteht darin, dass dasselbe der zahlreichen ganz kleinen 
Adventivknospenspuren wegen wie punktiert erscheint. 

ANATOMISCHER Bau. Das Holz besteht aus Tracheiden und Parenchym. 
Die ersteren, an denen die Hoftupfelunge sogar bei der Tangentialwand des 
Spiitholzes vorhanden ist, sind im Fruholz 2-34 und im Spiitholz 3-4y dick. 
Das Strangparenchym, dessen Querscheiden fast glatt sind, befindet sich reich- 
licher in Frithzone als in Spiitzone, was bei den anderen stets Holzparenchym 
fiuhrenden Holzern gerade umgekehrt ist. Wo dieses Strangparenchym reich- 
lich vorhanden ist, bemerkt man, dass die Tracheiden wieder dicker sind 
als anderorts (3-4) (Fig. 17). Die Markstrahlen sind einreihig, sehr selten 
zweireihig (Fig. 18) und 2 bis 20, meist 5 bis 12 Zellen hoch. Die Zellen 


derselben sind dimnwandig und glatt, besonders an den Tangentialwiinden, 
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die meistens senkrecht oder nahezu so gelegen sind. Nur ausnahmsweise 
zeigen die Horizontalwiinde ,, lochporige “ Verdickung. Was die Form der 
Tupfel betrifft, bemerkt man hier wie bei Sciadopitys verschiedene Gestalt- 
ubergiinge. Die schmal-elliptischen Tupfelpori der Spiitzone werden plotzlich 
im Fruhholz etwas ,, cupressoid“* und nehmen immer mehr an Grosse zu. 
Schon bei dtinnwandigeren, weitlumigen Zellen entstehen die rundlichen 
,», Kiporen “ (,, glyptostroboide-Tupfel “ nach GorHaNn). Die Tipfel kommen 
im Fruhholz zu je 1 oder 2, meist je 2 (Innenzelle), und je 2 oder 3, meist 
je 2 (Grenzzelle), und im Spéatholz zu je 1 oder 2, meist je 1 (Innenzelle), 


und je 2 (Grenzzelle) pro Feld vor. 


CRYPTOMERIA JAPONICA Don. (Sugi). 


Das Splintholz ist ziemlich breit und weiss, wihrend das Kernholz nach 
dem Standorte von briunlichrot bis dunkelbraunlichrot oder ganz dunkelbraun 
variert. Der Ubergang zwischen beiden ist scharf. Die Markstrahlen sind 
kaum oder nur schwer sichtbar. Das Holz ist meist breitringig, zuweilen 
schmalringig, mittelleicht, geradfaserig, spaltbar, und fuhrt einen eigentiim- 
lichen Geruch. Bei diesem Holz ist bemerkenswert, dass die Spitzone noch 
miissig schmal bleibt und etwas schroff begrenzt ist, wenn auch der Jahrring 
ziemlich breit ist. Nicht selten ist es dem Holz von Thuja japonica ihnlich. 
Das Unterscheidungsmerkmal ist das reichliche Vorhandensein von feinen 
gefiirbten Strichen. 

ANATOMISCHER Bav. Das holz besteht aus Tracheiden sowie Harzparen- 
chym und fuhrt keine Harzgiinge. Die Hofe und die Pori an den Tangential- 
wiinden der Tracheiden sind kreisrund. An der Radialwand verhiilt sich die 
Grosse der Behdfung zu der der Zellumen wie 1: 2. Die Zellwandung ist 
im Frihholz 2-34 und im Spitholz 5-7» dick. Das Harzparenchym ist weder 
im Frihholz noch im Spiitholz zerstreut vorhanden, sondern an der Tangen- 
tiallinie mehr oder weniger gruppenweise angeordnet. Die Querscheide des- 
selben ist meist glatt, sonst regellos verdickt oder mit ,, Hocker “ versehen. 
Die Markstrahlen sind 2 bis 22, meist 5 bis 9 Zellen hoch und fuhren meist 
durchweg glatte Horizontalwiinde, die nur selten ,, lochporig “ verdickt sind. 


Die Tangentialwiinde derselben sind viel dinner als bei Cynninghamia und 
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auch ganz glatt. Der ,, cupressoide “ Tupfel fuhrt im Fruihholz breit-ellipti- 
schen Porus, der bei sehr weitlumigen nicht selten fast horizontal gelegen ist 
(Fig. 20). Im Spatholz wird der Porus allmahlich schriig schmalelliptisch, ja 
in extremen Fallen ist er nahezu senkrecht gerichtet. Diese Tupfel treten 
im Fruhholz meist zu je 2, und im Spatholz je 1, nur bei Grenzzellen 


stellenweise zu je 2 pro Feld auf. 


THUJOPSIS DOLABRATA 8. et Z. (Hiba). 


Das Splintholz ist schwach gelblichweiss, wahrend das Kernholz dunkel 
bis schwach graugrungelb ist; aber zwischen beiden lasst sich keine scharfe 
Begrenzung bemerken. Die schmale Spatzone ist etwas scharf markiert auf 
Hirnende sowie auf Spiegelflache. Die Markstrahlen sind dusserst fein und 
nur schwer sichtbar. Die rotlichbraunen Striche kommen nur selten lings 
dem Jahrring vor. Das Holz ist gerad- und feinfaserig, zugleich schmal- 
ringig, und besitzt einen eigentimlichen schwachen Geruch. Bei Verwend- 
ung im feuchten Zustande ist es von grosser Dauer. 

ANATOMISCHER Bau. Das Holz besteht aus Tracheiden sowie Strang- 
parenchym und hat keinen Harzgang. An der Tangentialwand des Spatholzes 
beSndet sich die kleine Hoftupfelung. Die Zellwandungsdicke ist im Fruh- 
holz 1-84 und im Spitholz 3-44. Das Harzparenchym tritt in der Nahe der 
Spatzone hervor und ordnet sich selten zu mehreren etwa in Tangentialrich- 
tung (Fig. 21). Die Querscheiden desselben sind meist mit ,, Hocker ‘‘ versehen. 
Die Markstrahlen sind 1 bis 15, meist 4 bis 9 Zellen hoch. Wahrend die 
bald schriig, bald senkrecht gelegenen Markstrahltangentialwénde dunnwandig 
und meist glatt sind, sind die Horizontalwinde etwas dicker und nicht ganz 
glatt, so dass man auf Querschnitt dieses Holzes, obwohl selten, die ,, loch- 
porigen ** Tupfel bemerken kann. An der Radialwand kommen die mit 
schmal-elliptischen, meist aufwiirts gerichteten Pori versehenen Markstrahl- 
tupfel im T’ruhholz je 2 oder 3 (Innenzelle) und je 2 bis 5, meist je 3 oder 
4 (Grenzzelle), und im Spiitholz je 1 oder 2 (Innenzelle) und je 2 (Grenzzelle) 
pro Feld vor (Fig. 22). 
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Linoceprus MACROLEPIS Benth. (Shonanboku). 


Das Holz ist briiunlichgelb bis schwarzbriunlich und hat wellenformige 
Jahrringe. Es ist schmalringig, schwer spaltig, und fuhrt einen eigentiim- 
lichen Geruch. Die Mobel aus diesem Holz werden von Insekten gemieden. 

ANATOMISCHER Bau. Das Holz besteht aus Tracheiden und Harzparen- 
chym. Die ersteren besitzen an den Tangentialwiinden des Spiitholzes die 
meist gekreuzten Hoftupfel. Die breit-elliptischen Pori der Radialwandtup- 
felung sind nicht selten gekreuzt. Was die Zellwandverdickung anlangt, zeigt 
dieses Holz auf Querschnitt einen so undeutlichen Unterschied zwischen Frih- 
und Spatholz, dass die Jahrringgrenze nur durch die etwaigen, sich in der 
Tangentialreihe stellenden Breitfasern markiert wird (Fig. 23). Beispielsweise 
betragt die Dicke im Fruhholz 3-4 und im Spitholz 5-6. Das Harzparenchym 
ist in ungeheurer Menge zerstreut vorhanden, und etwa zahlreicher im Spatholz. 
Die Querscheidewinde desselben sind meist mit ,, Hocker “ versehen. Die 
an Harz sehr reichen Markstrahlen sind 1 bis 34, meist 4 bis 16 Zellen 
hoch und selten zweireihig (Fig. 24). Die Wandung derselben ist allseits 
ziemlich dunnwandig, aber nicht glatt, also zeigen die Horizontalwinde 
stellenweise schwache_,, lochporige “* Verdickung, oder mindestens die Neig- 
ung dazu. Charakteristisch sind die Markstrahltupfel, deren Porus auch im 
Spiitholz noch breit genug bleibt (Fig. 25). Im Frihholz hat diese 
» cupressoide “ Tupfelung breiten Porus und Hof, und der Porus gleicht, 
wenn auch selten, an Grosse fast dem letzteren. Diese Tupfel kommen im 
Fruhholz zu je 1 bis 3, meist je 2 (Innenzelle), und je 3 oder 4 (Grenzzelle), 
und im Spiitholz zu je 1 (Innenzelle) und je 1 oder 2 (Grenzzzelle) pro 
Kreuzungsfeld vor. Beztiglich des histologischen Baues dieses Holzes sind 
bemerkenswert das reichliche Vorkommen des mit Harzkérnchen erfiillten 


Parenchymes und der fast gleichartige Pau des Friih- und Spiitholzes. 


THUJA JAPONICA Maxim. (Nezuko). 


Das Kernholz ist schwach schwarzbraunlichgrau bis schwach gelbbriiun- 


lich, und yom weissen schmalen Splintholz scharf begrenzt. Die sehr 


214 M. FUJIOKA: 


schmale, zuweilen nur fast haardicke Spdatzone ist wellenformig und zeigt 
schroffen Ubergang. Die Markstrahlen sind dusserst fein und fast kaum oder 
nur schwer erkennbar. Die gefirbten Striche der Holzparenchymzellen sind 
nur spirlich an Zahl und kommen ganz zerstreut vor. Das Holz ist leicht, 
schmalringig und feinfaserig. 

ANATOMISCHER Bau. Thuja japonica besitzt das an Harzparenchym armste 
Holz unter unseren immer Holzparenchym fiihrenden Nadelbiumen. Die Quer- 
scheide dieses Parenchymes hat meist 1 bis 4 deutliche ,, Hocker.“ Die 
Wandung des Spatholzes, das an der Tangentialwand mit kleinen Hoftipfeln 
versehen ist, betragt ca. 2-54, und jene des Frihholzes 1-24. Die Grosse der 
Radialwandhofe verhalt sich gegen die Zellumen wie 1:3; also hier sind 
die Tupfel relativ kleiner als beim Holz von Cryptomeria japonica. Die 
Markstrahlen sind 1 bis 18, meist 3 bis 7 Zellen hoch. Nicht selten sind die 
Markstrahlhorizontalwainde durch ,, lochporige “ Verdickung ausgezeichnet. 
Wenn auch ausserst selten, kann man ausser gewohnlichen sehr dinnen, 
daher glatten Tangentialwiinden auch solche beobachten, die wie Juntperus- 
Holz mit ‘‘ Hocker“ versehen sind. Pei der von den beiden Wanden 
gebildeten Ecke befindet sich eine kleine Vertiefung der Horizontalwande, 
die da besonders deutlich ist, wo die eine sich mit der anderen senkrecht 
trifft. Die Markstrahltipfel sind ganz gleich gebildet wie bei Cryptomeria 
japoauca. Hier kommen sie aber in viel grosserer Zahl pro Feld vor; sie 
betragen némlich im Frihholz 2 bis 6, meist 4 oder 5, bei Grenzzellen 
selten 7, und im Spatholz 1 oder 2, meist 2 pro Feld. Abgesehen von dem 
Fehlen der Tupfel an den Markstrahltangentialwinden, ist dieses Holz mehr 
dem Juniperus-Holz ahnlich als dem von Cryptomeria japonica. Von dem 
letzteren kann es dadurch unterschieden werden, dass die Markstrahltupfel 
viel reichlicher vorhanden sind und dass die Strahlhorizontalwinde stiirkere 


» lochporige “ Verdickung zeigen. 


CHAMAECYPARIS OBTUSA S, et Z. (Hinoki). 


Das kirschrotlich bis gelbrotlichweiss oder rotlichgelb gefirbte Kernholz 
geht je nach dem Exemplar etwas schroff oder sehr allmihlich in gelblich- 


weissen Splint uber. Die recht schmale Spatzone ist ganz scharf begrenzt. 
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Die Markstrahlen sind gleichmiissig sehr fein und nur schwer sichtbar. Die 
gefirbten Striche treten auf dem Hirnende stellenweise parallel der Jahrring- 
grenze auf. Das Holz ist meist schmalringig, gerad- und feinfaserig, dauer- 
haft und riecht eigeatumlich. 

Cham. obtusa S. et Z. forma formosana, Hayata. Dieses Holz ist 
rotlichgelb, iiusserst schmalringig, gerad- und feinfaserig und riecht angenehm 
und dauernd. 

ANATOMISCHER Bau. Das Harzparenchym befindet sich meist im Spatholz 
und besitzt die mehr oder weniger verdickten, oder mit ,, Hocker “ versehenen 
Querscheiden. Die Hoftipfelpori an den Tangentialwéinden der Tracheiden 
sind schmal und meist gekreuzt. Die Verdickung der Breitfasern sowie der 
Rundfasern ist. ca. 34. Beim Holz von Formosa sind sie 3” und 4-5z 
respective. Die Markstrahlen sind 2 bis 13, meist 4 bis 9 Zellen hoch (beim 
Holz von Formosa 2 bis 19, meist 5 bis 13). Obwohl die Horizontalwiinde des 
Strahlparenchymes dinner sind als jene von Cryptomeria japonica und fast 
glatt gebaut, so zeigen sie doch hier und da spiirliche ,, lochporige “ Ver- 
dickung. Die Tangentialwiinde desselben sind dinner als die horizontalen 
und meist fast senkrecht gerichtet. Die Behofung der _,, cupressoiden “ 
Tupfelung ist ziemblich deutlich ; der etwas breite Porus derselben ist meist 
geneigt. Bei den sehr weitlumigen Tracheiden wird er breit-elliptisch und 
ist fast horizontal gelegt. Bei den englumigen Spitholzzellen ist er dagegen 
schmal-elliptisch bis linear und aufwarts gerichtet. Diese Tupfel kommen 
im Fruhholz zu je 1 bis 3, meist je 2, und im Spiitholz zu je 1, bei Grenz- 


zelle je 1 oder 2 pro Feld vor. 


CHAMACYPARIS PISIFERA S. et Z. (Sawara). 


Der Splint ist schmal und gelblichweiss, wihrend das Kernholz schwach 
kirschrot bis rotlichgelb, zeitweise ganz schwach gelb ist. Die Markstrahlen 
sind sehr fein, doch deutlich von der Grundmasse unterscheidbar. Man 
beobachtet ofters auf Hirnende die dem Jahrring parallel laufenden gefirbten 
Striche, auch auf Liingsfliche hie und da schwach gefiirbte kurze Linien 
derselben. Es ist sehr leicht, meist schmalringig, geradfaserig, ordentlich 
sehr gut spaltig und geruchlos. 
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ANATOMISCHER Bau. Dieses Holz ist im grossen und ganzen wie bei der 
vorigen Art gebaut. Die deutlichen ,, Hocker “ einer Harzparenchymquerscheide 
betragen 2 bis 5 je nach der Iumenweite. Die nestartigen, harzfihrenden 
Flecke sind nichts anderes als die regellos zerstreute Gruppe der Tracheiden 
von verschiedener Gestalt und Grosse, welche an allen Seiten mit Hoftipfeln 
versehen sind. In diesem Teil sind die Tracheiden unregelmiissig angeordnet 
und etwas dickwandig (Fig. 30 u. 31). Es ist hier zu bemerken, dass 
dieses Holz histologisch von der vorigen Art nur durch die Dinnwandigkeit 
und den stirkeren Unterschied in der Verdickungsweise zwischen Frih- und 
Spitholz untershieden werden kann, obwohl dies keineswegs das durchgrei- 
fende Merkmal ist. Die Zellwandungsdicke des Frih- und Spitholzes betrigt 


2 resp. 3-4y. 


JUNIPERUS CHINENSIS L. (Byakushin). 


Das Splintholz ist ziemlich breit und gelblichweiss. Das Kernholz ist 
rot bis rotlichviolett und riecht andauernd angenehm. Die Jahrringe sind 
mehr oder weniger stark wellenformig. Die Markstrahlen sind ausserordent- 
lich fein und mit unbewaffnetem Auge kaum erkennbar. Die stark gefarbten 
Streifen treten hie und da ganz unregelmiissig auf. Das Holz ist schmal- 
ringig. 

ANATOMISCHER Bau. Das Holz besteht aus Tracheiden und Harzparenchym. 
Letzteres ist im Frih- und im Spiitholz zerstreut und bildet auch eine regellose 
Gruppe in der Mittelzone, die makroskopisch als eine gefairbte Linie erkennbar 
ist. Die Querscheide desselben ist héckerreich, und man kann gelegentlich 
dort auf Querschnitt die korrespondierenden Tupfel beobachten (Fig. 33). Die 
Hoftiipfel an den Radialwinden der Tracheiden sind im Fruhholz kreisrund 
bis etwa elliptisch, im Spatholz viel kleiner und mit schrég-elliptischen, nicht 
selten gekreuzten Pori versehen. Die Wandung der Tracheiden ist im Fruh- 
holz 2-34 und im Spiitholz 38-4 dick. Die Markstrahlen sind 2 bis 27, 
meist 6 bis 17 Zellen hoch und sehr harzreich. Die Strahltangentialwinde 
sind auch hockerreich und zeigen im Tangentialschnitt leiter- bis netzformige 
Verdickung, was man ,, Juniperus-Tiipfelung ‘“‘ nennt, da sie ein charakteris- 
tisches Merkmal des Juniperus- Holzes bildet (Fig. 33 u. 34). Die Horizon- 
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talwinde sind auch tipfelreich und im allgemeinen mit einer Vertiefung 
versehen, wo sie sich mit Tangentialwénden tvreffen. Die ,, capressoiden “ 
Tupfel mit etwas schmalen Pori kommen bei der Grenzzelle zu je 1 bis 4, 
meist je 2 (Frihholz), und je 1 bis 3, meist je 2 (Spiitholz), und bei der 


Innenzelle zu je 1 oder 2, meist je 1, pro Feld vor. 


JUNIPERUS RIGIDA S. et Z. (Nezumisashi). 


Das Splintholz ist schmal, gelblichweiss und vom Kernholz scharf 
begrenzt. Das letztere ist dunkel- bis rotlichgelb. Die haardicke Spiitzone 
tritt durch die besonders dunkle Fiirbung ausgepriigt hervor und liuft fein- 
wellig. Das Holz ist reich an Markflecken, die meist gelbbraun gefiirbt sind. 
Die Markstrahlen sind sehr fein, aber dock deutlicher als bei der vorigen 
Art und daher erkennbar. 

ANATOMISCHER Bau. Histologisch zeigt dieses Holz denselben Bau wie 
Juniperus chinensis, obwohl makroskopisch beide gut unterschieden werden 
konnen. Die Tracheidenwandung betréigt im Fruhholz 2-34 und im Spatholz 
3-4. Die Markstrahltupfel mit breiten Pori treten im Frubholz zu je 1 bis 
6, meist je 3 (Grenzzelle), und zu je 1 bis 4, meist 1 oder 2 (Innenzelle), pro 
Feld auf. Im Spiitholz werden die Pori schmal und kommen zu je 1 oder 2 
(Grenzzelle) und je 1 (Innenzelle) pro Feld vor. Dieses Holz neigt zur 
Bildung der gelbbraunen parenchymatischen Markflecke, die von geficherten 


Tracheiden begleitet sind. 


Apres FIRMA S. et Z, (Momi). 


Das Splint- und Kernholz sind von derselben Farbe ; es ist meist weiss, 
zeitweise schwach rotlichgelb. Das schwach violettrotlich bis violettbraun 
gefiirbte Holz iihnelt dem Tsuga-Holz; das gedriickte Holz ist auch dem 
letzteren sehr fihnlich. In solchen Fallen kann der unten zu erwiihnende 
mikroskopische Befund als entscheidendes Unterscheidungsmerkmal der beiden 
Holzer benutzt werden. Bei Abies-Holz ist der Ubergang von Frithzone in 
Spitzone meist scharf, aber nicht selten etwas allmihlich. Die Markstrahlen 


sind reichlich an Zahl wie bei Picea, aber unterscheiden sich dadurch, dass 
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sie bei Abies auf Hirnende ganz gleichmissig fein und schwer erkennbar 
sind. Auf Spiegelflaéche sind sie sehr deutlich und geben dieser Flache 
ihren eigentumlichen Glanz. Das Holz ist meist breitringig. Das normal 
weisse Holz ist leicht. Es hat einen eigenttimlichen an_,, Shibu “ erin- 
nernden Geruch, der beim Anhauchen stirker wird. Uberdies fihrt es, 
wie Tsugen, unstindige Harzgiinge, die bezuglich ihrer Entstehung. und 
Verteilung von den stindigen Harzgiingen grundverschieden sind. Diese 
unstindigen Harzgiinge bilden zusammen manchmal in der Tangentialrich- 
tung eine kreisbogenformige Reihe. In der Regel kommen sie wie bei 
anderen Abies-Arten in einer schmalen violettschwarzbraunen Streifung 
eingeschaltet vor. 

ANATOMISCHER Bau. Dieses Holz besteht nur aus Tracheiden, die im 
Frubholz 2-34 und im Spiitholz 3-64 dickwandig und auch an den Tangen- 
tialwanden des letzteren mit Hoftupfeln versehen sind. Das Holz hat haufig 
eine ‘Tendenz zu Markfleckenbildung, beides in Spat- und Frithzone, aber 
vorherrschend in der ersteren, wo die sog. traumatischen Harzginge sich be- 
finden. Diese abnormalen Harzginge, deren Auftreten nur auf die Axial- 
richtung beschraénkt ist sind stets in grosser Anzahl in einer dem Jahrring 
parallelen, peripherischen Zone reihenweise angeordnet und mit stark verdick- 
tem [ipithel bekleidet (Fig. 39, 41, 43, 44, 45 u. 46). Die Markstrahlen sind 
stellenweise zweireihig, aber in der Regel einreihig und sehr variabel in der 
Hohe, also 1 bis 63, meist 8 bis 28 Zellen hoch. Ebenso wie die horizontalen 
sind auch die tangentialen Wande der Strahlparenchymzellen sehr stark 
lochporig verdickt, und man kann reichlich auf Quer- und Tangentialschnitt 
die einander entsprechende sog. ,, Abietineen-Tupfelung “ beobachten. Jede 
von diesen mit verdickten Strahlparenchymzellen versehenen Markstrahltupfel 
der Abietineen d. h. Abies, Picea, Tsuga, Pseudotsuga und Larix, wird je 
aus zwei mit einander korrespondierenden der Tracheiden und Parenchym- 
zellen zusammengesetzt, wihrend dieselben bei Taxodiezen, Cupressinezen u. 
a. einfach den anstossenden Tracheiden angehoren. Diese letztere Art der 
Tupfelung lasst sich am bequemsten irgend auf einem Quer- oder Tangent- 
ialschnitt leicht erblicken. Man vergleiche Fig. 47 u. 56 mit Fig. 29. Aus 


1. ,,Shibu“ isl eine aus den Friichten von Diospyros Kaki hergestellte, in der Praxis vielfach 
gebrauchte Fliissigkeit, deren Hauptbestandteil Gerbstoff ist. 
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dem Gesagten folgt natiwlich, dass die Markstrahltupfel je nach der Form der 
beiden Tipfel mannigfaltig gebildet werden konnen. Falls nun die beiden 
von gleicher Form und Grosse sind, so entsteht ein ,, lochporiger “ Tupfel. 
Ausserdem geschieht es nicht selten, dass auf einem optischen Durchschnitt 
nur einer der beiden Tipfel sich nachweisen lisst. Im allgemeinen sind 
die den Tracheiden angehdrenden 'Tupfel breit- bis schmal- elliptisch, wiihrend 
die der Parenchymzellen mehr oder weniger rundlich sind ; sie treten im Frih- 
holz zu je 1 bis 4, meist je 2, und im Spitholz zu je 1 pro Feld auf. Das 
Holz ist vornehmlich durch das Vorhandensein der Strahlparenchymzellen 
ausgezeichnet, worin oft die Krystalle von Calciumoxalat in so kolossaler 
Menge zu beobachten sind, dass die niemals whersehen werden kénnen (Fig. 
40). Diese Krystalle sind meist von der Form einer rhombischen Tafel 
und einer Kombination derselben mit dem Klinopinakoid, oder eines anderen 
Zwillingskrystalls. Zum Nachweise derselben kann man __ bekanntlich 
Schwefelsiiure anwenden, wo man die Wirkung der letzteren durch Erwirmen 
ganz bedeutend beschleunigen kann. Nach meiner Untersuchung von zahl- 
reichen, von verschiedenen Gegenden sowie von verschiedenen Stammteilen 
herruhrenden Proben konnte ich mich uberzeugen, dass die Strahlparenchym- 
zellen, oder wenigstens die Grenzzellen derselben, in der Regel mehr oder 
weniger mit Calciumoxalat versehen sind. Nur beim Druckholzteile scheint 
dieser Krystall dusserst selten vertreten zu sein oder giinzlich zu fehlen. 
Die anderen Abies- nnd Picea-Arten fihren auch diese Krystalle, doch sind 
sie viel geringer an Menge und viel sporadischer in ihrem Auftreten als bei 
Abies firma. 

Die Holzer der unten anzugebenden Abies-Arten sind dem histologischen 


Bane nach mit dem von Abies firma sehr nahe verwandt. 


ABIES SACHALINENSIS Mast. (‘Todomatsu). 


Das Holz ist grauweisser gliinzend im Vergleich zu Abies firma und sehr 
schwach violettrotlich gefiirbt. Es ist schmal- oder mittelschmalrin 
faserig und fuhrt ofters Harzgallen. 

ANATOMISCHER Bau. Die Rund- nnd Breitfasern sind 2-3 resp. 3-4y dick. 
Die Markstrahlen sind 1 bis 30, meist 7 bis 2lzellig. Die Markstralltipfel 


gig, gerad- 
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treten auf wie bei Abies firma. Bei diesem Holz konnte ich das reichliche 
Auftreten der die Harzgiinge begleitenden und geficherten Tracheiden nach- 
weisen (Fig. 42 u. 43). 


Apres Verronm Lindl. (Shirabe). 


Das Holz ist grauweiss und besitzt Picea-iihnlichen Glanz. Der Uber- 
gang zwischen Spit- und Frthzone ist schroff. Es ist leicht, schmalringig 
und geradfaserig. 

ANATOMISCHER Bau. Die Rund- uud Breitfasern sind 2-3 resp. 3-54 dick. 
Die Markstrahlen sind 1 bis 34, meist 7 bis 18 Zellen hoch. Die Mark- 
strahltiipfel kommen im Frihholz zu je 1 bis 5, meist je 2, und im Spatholz 
za je 1 pro Feld vor. Ich bemerkte das Strangparenchym am Ende des 
Jahrrings d. h. als sog. Endzelle, und zwar in der Niihe der abnormalen 


Parenchymanhaufung (Fig. 44). 


ABIES HOMOLEPIS S. et Z.  (NikkoOmomi). 


Das Holz ist meist weiss, oft nur schwach gefirbt. 

ANATOMISCHER Bau. Die Tracheiden sind im Fruhholz 24 und im 
Spitholz 3-54 dickwandig. Die Markstrahlen sind 1 bis 21, meist 6 bis 
l5zellig. Die Zahl der Markstrahltupfel pro Feld ist wie bei Abies firma. 


ABIES UMBILICATA Mayr et Tubeuf. (Hesomomi). 


Das Holz ist weiss, meist mittelschmalringig. 
ANATOMISCHER Bav. Die Rundfaser ist 34 und die Breitfaser 4-7y 
dickwandig. Die Markstrahlen sind 1 bis 23, meist 5 bis 14 Zellen hoch. 


Die Markstrahltipfel verhalten sich wie bei der vorigen Art (Fig. 48). 


Apres Mantes Mast. (Aomoritodomatsnu). 


Das Holz ist ‘weiss, meist schmalringig. 


ANATOMISCHER Bau. Die Rundfaser ist 24 und die Breitfaser 3-4 
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dickwandig. Die Markstrahlen sind 1 bis 24, meist 5 bis 15 Zellen hoch. 
Die Markstrahltiipfel treten im Frihholz zu je 1 bis 3, meist je 2, und im 
Spatholz zu je 1 pro Feld auf. 


TsuGA Srmpotpm Carr. (Tsuga). 


Das Holz ist kirschrotlichgrau bis schwachrotlichweiss. Nur nach der 
Austrocknung werden Splint- und Kernholz etwas verschiedenfarbig. Die 
Frihzone ist von der Spiitzone scharf begrenzt. Das schwach gefirbte Holz 
ist zeitweise von dem von <Alies firma kaum unterscheidbar. Die Mark- 
strahlen sind gleichmiissig fein und briunlichgelb bis gelblich  gefiirbt, 
wihrend die der Picea- und Abies-Arten immer gelblich sind ; daher unterscheiden 
sie sich meistens in der Farbung von der Grundmasse. Die Jahrringe 
zeigen oft die in der Verwendung hoch geschiitzte eigenttumliche Feinwellig- 
keit, sog. ,, Kashime “ (Fig. 54). Ferner ist das Holz, insbesondere das 
breitringige, mit breiter Spiitzone versehene, oft weiss gefleckt, was die 
Bearbeitung dieses Holzes ziemlich erschwert. Diese Flecke rthren von den 
mit Harzsubstanz erfullten Zellen her. Was die traumatischen Harzgiinge 
betrifft, so verhalten die sich ganz wie bei Abies-Arten. Das Holz ist mittel- 
hart und nicht leicht. 

ANATOMISCHER Bau. Das Holz besteht nur aus Tracheiden und fthrt 
unstindige Harzkanale, die als abnormale Bildung erscheinen, wie es bei 
Abies-Arten der Fall ist. Selten findet sich aber das Strangparenchym als 
Jahrringendzelle (Fig. 50 u. 52). Die Tracheiden sind im Frihholz 24 und 
im Spatholz 3-64 dickwandig. An der Tangentialwand des Spiitholzes sind 
zahlreiche Hofttpfel vorhanden. Die Markstrahlen sind einreihig, nur selten 
zweireihig und 1 bis 21, meist 4 bis l5zellig. Die Quertracheiden ohne 
Zacken treten in der Regel mindestens als Grenzzellen auf, wodurch dieses 
Holz sicher von den Abies-Arten unterschieden werden kann (Fig. 53). Die 
Horizontal- und Tangentialwiinde der Strahlparenchymzellen sind stark 
, lochporig “‘ verdickt. Die Markstrahlttipfel sink teils nicht ‘ lochporig “ 
und teils ganz ,, lochporig “, und betragen im Frthholz 2 bis 4 und im 
Spitholz 1 pro Feld. 
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TSUGA DIVERSIFOLIA Maxim. (Kometsuga). 


Verhalt sich in allen Beziehungen wie Tsuga Sieboldit. 

ANAvTomMISCHER Bav. Das Holz ist anatomisch wie bei der vorigen Art 
gebaut. Die Wandungsdicke der Rund- und Breitfasern sind 2-3, beziehungs- 
weise 4-7. Die Markstrahlen sind 1 bis 24, meist 4 bis 16zellig. Das 
Auftreten des Strangparenchymes als Endzelle sowie der Markstrahltupfel 


wie bei der vorigen Art. 


PICEA HONDOENSIS Mayr. (Tohi). 


Das Splintholz ist ziemlich breit, weiss bis gelblichweiss und geht ganz 
allmahlich ins Kernholz ttber, weleches meist hellkirschrotlich ist. Die recht 
schmale Spiitzone ist von der Fruhzone ziemlich scharf begrenzt. Die 
meisten Markstrahlen sind sehr fein, aber deutlich. Sie sind in grosser 
Anzahl vorhanden, und wohl am zahlreichsten pro Flacheneinheit unter 
unsern Nadelholzern. Auch bemerkt man hie und da etwas grossere, wie es 
bei den andern Horizontalharzgiinge fuhrenden Gattungen (Larix, Pseudotsuga, 
Pinus) stets der Fall ist. Das Auftreten der Vertikalharzginge beschrankt 
sich fast nur auf die Spatzone, oder mindestens auf die Nahe derselben ; sie 
sind nur in geringer Menge vorhanden. Dieses Holz ist leicht, schmalringig, 
fein- und geradfaserig, ordentlich leicht und glatt spaltbar und seidenglinzend. 

ANATOMISCHER Bau. Das Holz besteht nur aus Tracheiden und fthrt 
stindige Harzginge. Die Tracheiden sind im Fruhholz 2-34 und im 
Spatholz 3-54 dick und hofgetupfelt auch an den Tangentialwinden des 
Spitholzes. Die Vertikalharzgiinge sind mit stark verdickten Epithelen be- 
kleidet, schliessen oft zahlreich Thyllen ein, und sind meistens von geficherten 
Tracheiden begleitet (Fig. 57 u. 58). Die Markstrahlen bestehen aus Paren- 
chym und dunnwandigen Quertracheiden und sind ein- oder mehrreihig. In 
letzterem Falle schliessen sie die horizontalen Harzgiinge ein, die auch nicht 
selten mit Thyllen erfullt sind. Die einreihigen Markstrahlen kommen in 
kolossaler Menge vor und sind 2 bis 35, meist 10 bis 25 Zellen hoch. Wie 


die horizontalen Wiinde der Strahlparenchymzellen, sind auch die tangentialen 
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sehr reich an der ,, Abietineen-Tupfelung “. Die sog. Markstrahlttupfel sind 
,, cupressoid “ bis ,, podocarpoid “, ofters ganz ,, lochporig “, besonders bei 
den dtnnwandigen Parenchymzellen. Sie betragen im Fruhholz 1 bis 5, 
meist 2 bis 4, und im Spiitholz 1 oder 0 pro Feld. Bei meinen Exemplaren 
fehlt die Spiralverdickung im Spiitholz ganz. Die folgenden Picea-Arten 


zeigen in allen Beziehungen denselben Bau wie Picea hondoensis. 


Picea bicoLor Mayr. (Iramomi). 


Das Holz ist im Vergleich mit Picea hondoensis etwas schwacher gefiirbt. 
ANATOMISCHER Bau. Die Rundfaser 2 und die Breitfaser 3-6 dick- 
wandig, Die einreihigen Markstrahlen sind 1 bis 19, meist 6 bis 10 Zellen 


hoch. Die Markstrahltipfel kommen zu je 1 bis 6, meist 2 pro Feld vor. 


PIcEA AJANENSIS Fisch. (JEzomatsu). 


Das Holz ist viel gelblicher; es ist schwiicher glinzend als Picea 
hondoensis und fuhrt reichlich Harzgallen. 

ANATOMISCHER Bau. Die Wandungsdicke der Rund- und Breitfaser ist 
2-3, resp. 3-7y. Die einreihigen Markstrahlen sind 2 bis 20, meist 5 bis 13 
Zellen hoch. Die meisten Markstrahlttpfel sind mit schmalen Pori vorsehen 


und treten zu je 1 bis 4, meist 2 pro Feld auf. 


Picea porta Carr. (Baramomi). 


Im Vergleich mit den Holzern von andern Picea-Arten verhilt sich das 
Holz dieser Art ganz verschieden in vielen Beziehungen. Zum Beispiel ist 
die Spiitzone ziemlich breit, und ihr Ubergang in die Frithzone ist miissig 
allmithlich ; ferner fehlt diesem Holz der spezifische Seidenglanz. Es ist 
weder leicht noch feinfaserig. 

ANATOMISCHER Bau. Die Rundfaser ist 2-34 und die Breitfaser 3-7y 
dickwandig. Die einreihigen Markstrahlen sind 1 bis 32, meist 7 bis 22 


Zellen hoch. 
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PSEUDOTSUGA JAPONICA Shirasawa. (‘Togasawara). 


Das Splintholz ist gelblichweiss, und das Kernholz graurosarotlich. Die 
beiden sind von einander scharf begrenzt. Der Ubergang zwischen Spiit- 
und Fruhzone in einem Jahrring ist schroff. Die Harzginge kommen meist 
in Spiitzone zerstreut vor und scheinen hier spirlicher vertreten zu sein als 
bei Picea und Larix. Auf Liingsfliiche sind sie leicht erkennbar. Dieses 
Holz ist dusserlich von dem von Larix leptolepis nicht unterscheidbar, obwohl 
es meist schwicher in Farbung und weniger harzig als das letztere ist. 
Die sichere Unterscheidung dieser zwei Holzarten kann nur unter dem 
Mikroskop ausgefuhrt werden. 

ANATOMISCHER Bau. Das Holz ist im grossen und ganzen wie das von 
Picea gebaut, doch ist es davon unfehlbar zu erkennen durch die Tatsache, 
dass die spiralige Wandverdickung hier durch den ganzen Jahrring geht. 
Ausserdem ftihren bei unserem Pseudotsuga-Holz die zackenlosen Quertracheiden 
Spiralverdickung. Das Strangparenchym, welches ich nur im Zweige bemer- 
ken konnte, kommt, wenn auch selten, als die Jahrringendzelien abwechselnd 
mit den Breitfasern vor. Die Tracheiden sind im Fruhholz etwa 2 und im 
Spiitholz 3-64 dickwandig. Sie besitzen auch an den Tangentialwanden des 
Spatholzes zahlreiche Hoftupfel mit schmal-elliptischen, meist gekreuzten 
Pori. Die Markstrahlen sind denen von Picea ahnlich; die einreihigen sind 
1 bis 25, meist 3 bis 16 Zellen hoch. Die Markstrahltupfel, die stellenweise 
ganz ,, lochporig “ sein konnen wie bei Picea, treten im Fruhholz zu je 2 


bis 5 und im Spatholz meist zu je 1 oder O pro Feld auf. 


Larix LEPTOLEPIS Gord. (Karamatsu). 


Das Splintholz ist schmal, gelblichweiss und von dem rotbraunen Kern- 
holz ziemlich scharf begrenzt, wobei die rosarotbraune Fruhzone in die stark 
gefiirbte Spiitzone schroff ubergeht. Von den Markstrahlen sind nur die 
stirkeren deutlich. Die Harzgiinge sind durchaus feiner und spirlicher an 
Zahl als bei den Pinus-Arten, und treten fast ausschliesslich in der Spat- 
zone zerstreut auf. Auf dem Liingsschnitt sind sie nur dann sichtbar, wenn 


das Holz nass ist. Js ist schwer, aber leicht spaltbar. 
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ANATOMISCHER Bau. Nach dem histologischen Baue hat dieses Holz eine 
grosse Ahnlichkeit mit dem von Pseudotsuga, Als ein Charakteristikum ist zu 
nennen die Tatsache, dass die Spiralverdickung der Tracheiden nur auf dem 
Spatholz sich nachweisen liisst, doch bei dem Vorhandensein der spiraligen 
Streifung fehlt ; ferner zeigt die Quertracheide niemals Spiralbildung. Das 
Auftreten des Strangparenchymes und die Tangentialwandhoftupfelung des 
Spatholzes sind ganz ahnlich wie bei Pseudotsuga. Die Wandverdickung der 
Tracheiden ist im Fruhholz 2-34 und im Spitholz 3-54. Die einreihigen 
Markstrahlen sind 3 bis 31, meist 7 bis 19 Zellen hoch. Die Markstrahl- 
tupfel betragen im Fruhholz 2 bis 7 und im Spiitholz 1 oder 2 pro Feld. 


Larix DAHURICA Turez var. JAPONICA Maxim. (Shikotanmatsu). 


Das Holz ist dunkelgelblichweiss. Die Harzginge sind nur auf Hirnende 
etwas deutlich za sehen und treten ausschliesslich nur in Spéatzone auf, wo 
sie manchmal einigermassen in der Tangentialrichtung aufeinanderfolgend 
angeordnet sind. Auf Lingsfliiche sind sie undeutlich, teils wegen ihrer 
Ahnlichkeit in der Farbe mit der Grundmasse, teils wegen ihrer Feinheit. 
Das Holz ist sehr harzig und mit Harzgallen sowie toten Astspuren reich- 
lich behaftet. 

ANATOMISCHER Bau. Man kann keinen durchgreifenden Unterschied 
zwischen diesem Holz und dem der vorigen Art auffinden, obwohl makrosko- 
pisch keine Verwechselung zwischen beiden moglich ist. Die Wandungsdicke 
der Rund- und Breitfaser ist 2-3, beziehungsweise 3-94. Die einreihigen 
Markstrahlen sind 1 bis 30, meist 10 bis 20 Zellen hoch. Die Markstrahl- 
tupfel, die ofters ganz oder fast ,, lochporig “ gebildet sind, treten im Frihholz 


za je 2 bis 6 und im Spatholz zu je 1 bis 2 oder gar nicht pro Feld auf. 


PINUS DENSIFLORA S. et Z. (Akamatsu). 


Der Splint ist gelbweiss, ziemlich breit und vom Kernholz scharf 
begrenzt, wo das letztere schwach rotlichbraun gefirbt ist. Beim rotlich- 
gelben Kernholz ist der Ubergang nach dem Splint ganz allmiihlich. Der 


schroffe Ubergang von der Friihzone in die hiirtere Spiitzone ist hier hiufiger 
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als bei Pinus Thunbergii. Die Markstrahlen sind ziemlich leicht erkennbar. 
Die Harzginge sind meist in der Spatzone, oder mindestens in der Mittel- 
zone reichlich entwickelt. Das Holz ist schwer und elastisch. 

ANATOMISCHER Bau. Dieses Holz besteht nur aus Tracheiden und _ ist 
durch den. stiindigen Besitz der in lotrechter, sowie auch in horizontaler 
tichtung verlaufenden und mit einem zarten Epithel bekleideten Harzgiinge 
ausgezeichnet (Fig. 69 u. 70). Die vertikalen Harzgiinge sind von geficherten 
Tracheiden begleitet, wenn auch sparlicher als bei Picea (Fig. 72). Die 
Tracheiden sind im Fruhholz 3 und im Spatholz 3-84 dickwandig. Die 
Markstrahlen mit zackenformig verdickten Quertracheiden sind ein- resp. 
mehrreihig, je nachdem darin die Horizontalharzginge eingeschlossen sind 
oder nicht. Im letzteren Falle sind sie 1 bis 17, meist 3 bis 10 Zellen hoch. 
Im Spitholz scheint die zackige Verdickunge stirker zu sein, als im Fruhholz 
(Fig. 71). Die Horizontalwinde der Strahlparenchymzellen sind meist glatt 
und dinnwandig, obwohl man am bequemsten auf Querschnitt hie und da 
,, Kiporen “ erblicken kann (Fig. 69). Die Tangentialwiinde derselben, die 
stellenweise nur wenig verdickt sein koénnen, sind stets ttpfellos. Die Mark- 
strahlttipfel sind ganz ,, gross-eiporig,“ wenigstens im Fruhholz, und kommen 
m je 1, selten 2 oder 3 pro Kreuzunesfeld vor (Fig. 71). Unter unsern 
Nadelbiiumen kann dieses Holz histologisch moglicher Weise nur mit dem 


von Pinus Thunbergit verwechselt werden. 


Pixus THunpercit Parl. (uromatsu). 


Der Splint ist ziemlich breit und gelblichweiss. Das Kernholz ist auch 
gelblichweiss oder rétlichgelb. Die Begrenzung zwischen beiden ist durchaus 
deutlich. Die Markstrahlen sind etwas deutlich. Der Ubergang von Spiit- 
zone in Frihzone geschieht meist allmihlich, besonders bei dem breitringigen 
Teile. Die Harzgiinge sind gréber und zahlreicher als bei Picea-, Lariax- 
und Psewdlotsuga-Arten ; sie kommen innerhalb eines Jahrrings ganz zerstreut 
vor und sind zeitweise viel zahlreicher entwickelt, entweder in Spat- oder in 
Frihzone. Auf der Lingsfliche lassen sie sich als ziemlich lange grunbraune 
Linien erkennen. Das Holz ist meist breitringiger und mehr verharzt, als 


bei der vorigen Art, ausserdem zeiet es ofters schwarzblaue Streifung. 
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ANATOMISCHER Bau. Histologisch lisst sich dieses Holz vom vorigen 
nicht unterscheiden ; nur scheint die zackige Verdickung im Frihholz etwas 
schwiacher zu sein als in demselben Teile von Pinus densiflora. Die Wan- 
dungsdicke der Rund- und Breitfasern ist 3-4, beziehungsweise 4-7y. Die 
einreihigen Markstrahlen sind 1 bis 19, meist 4 bis 12 Zellen hoch. Die 


5. gross-eiporigen “ Markstrahltipfel verhalten sich wie bei Pinus densiflora. 


Prxvs PARVIFLORA S. et Z. (Himekomatsu). 


Der Splint ist schmal und gelblichweiss, waihrend das Kernholz gelb- 
lichrot bis rétlichgelb ist. Die Markstrahlen sind meistens fein, aber deut- 
lich. Die Harzgiinge kommen auf Hirnende gelblich gefirbt und zerstreut 
vor, aber noch etwas zahlreicher in Spit- als in Frihzone. Auf Lingsfliche 
lassen sie sich als verhiltnismaissig kurze, gelblich bis gringelb gefirbte 
Linien bemerken. Es geschieht nicht selten, dass dieses Holz dunkelgriin 
gefleckt ist; diese Flecke sind aber nichts anderes als durch das Sekret der 
angrenzenden Zellen des eingeschlossenen Harganges gefirbt Teile. Obwohl 
dieses Holz manchmal Picea-ihnlichen Glanz fthrt, ist es leicht vom Holz 
der letzteren durch die folgenden Merkmale unterscheidbar :—die Mehrzihlig- 
keit der Harzgiinge, die stiirkere Spiitzone, und der allmiihlichere Ubergang 
von der Fruh- in die Spiitzone, besonders wenn das Holz breitringig ist. 
Es ist nicht leicht und hat einen eigentimlichen ,, siissen “ Geruch. 

ANATOMISCHER Bau. Dieses Holz besteht nur aus Tracheiden, die im 
Frihholz 34 und im Spitholz 3-54 dickwandig sind. Die Vertikal- und 
Horizontalharzgiinge haben meist recht dimnwandige, aber auch stellenweise 
etwas dickwandige Epithelzellen. Das Auftreten der geficherten Tracheiden 
ist wie bei Pinus densiflora, Die Markstrahlen bestehen aus Parenchym 
und Quertracheiden ohne Zacken. Die einreihigen Markstrahlen sind 1 bis 
16, meist 3 bis 10 Zellen hoch. Die Horizontalwiinde der Parenchymzellen 
sind ,, eiporig “ verdickt. Die Tangentialwainde derselben sind teilweise mit 
», Hocker“ versehen, sodass man so!che Tupfel auf Tangentialschnitt erkennen 
kann, welche viel aihnlicher der ,, Juniperus-“ als der ,, Abietineen-Tupfe- 
lung“, also leiter- bis netzformig gebildet sind. Die Markstrahltipfel sind 


grosseiporig und treten zu je 1 bis 4, meist je 1 pro Feld auf. 
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Was den histologischen Bau der folgenden 3 Pinus-Arten betrifft, so ist 


er sehr verwandt mit den soeben beschriebenen. 


Pinus Korarensis 8. et Z. (Chédsenmatsu). 


Das Holz ist rotlichgelb und riecht stark nach Harz. Es ist meist 
breitringig und sehr stark verharzt. 

ANATOMISCHER Bau. Die Wandungsdicke der Rund- und Breitfasern ist 
2-3, resp. 3-54. Die einreihigen Markstrahlen sind 2 bis 22, meist 4 bis 
13 Zellen hoch. Die Tangential- und Horizontalwande der Strahlparenchym- 
zellen scheinen ziemlich stark verdickt zu sein. Die ganz_,, eiporigen “ 
Tupfel betragen 1 oder 2 pro Feld. 


PINUS PENTAPHYLLA Mayr. (Goydmatsu). 


Das Holz ist meist gelbweiss. Die Markstrahlen sind meistens sehr 
fein, aber selten stark. Die Harzeiinge kommen in meinem Exemplar ge- 
wohnlich ebenso reichlickh in Fruhzone als in Spéitzone vor; selten reichlicher 
in der ersteren, was bei Pinus parviflora nich der Fall ist. Auf Langsflache 
lassen sie sich als langere grungelbe oder braunlichgelbe Linien bemerken. 
Abgesehen von einigen Ausnahmen ist dieses Holz ebenso gebaut wie das 
von Pinus parviflora, und kein entscheidendes Merkmal sowohl makroskopisch 
als auch mikroskopisch ist vorhanden. 

ANATOMISCHER Bau. Die Rund- und Breitfasern sind 2-3, resp. 3-7 
dickwandig. Die einreihigen Markstrahlen sind 1 bis 19, meist 4 bis 


11 Zellen hoch. Die Markstrahlttpfel kommen zu je 1 oder 2 pro Feld vor. 


Pinus puMILA Pall. (Haimatsu). 


Der Splint ist grauweiss und verhiiltnismiissig breit. Das Kernholz ist 
rosarotlichgelb und vom Splint etwas scharf begrenzt. Die Markstrahlen 
sind meistens ausserordentlich fein und zahlreich, so dass sie mit freiem 
Auge fast kaum sichtbar sind. Doch treten mitunter breitere auf. Die 
Harzgiinge sind zahlreich wie bei Pinus parviflora, besonders im Splintteile. 


Dieselben treten auf Hirnende als braune Pinktchen hervor, und aaf 
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Liingsfliiche des Splintholzes als gelblichbraune kurze Linien, wiihrend sie 
beim Kernholz fast von derselben Farbe sind wie die Grundmasse. 
ANATOMISCHER Bau. Das Holz ist ziemlich gleichmiissig gebaut. Die 
Rundfaser ist 34 und die Breitfaser 3-44 dickwandig. Die einreihigen 
Markstrahlen sind 1 bis 8, meist 1 bis 5 Zellen hoch. Bemerkenswert ist 
es, dass die meisten Markstrahlen wenigzellig und ausschliesslich aus Paren- 
chym bestehen. Sowohl die Harzgiinge wie auch die Markstrahlen enthalten 
den Harzkérper in reichlicher Menge. Ausserdem lassen sich zeitweise 


zahlreiche harzftihrende gefiicherte Tracheiden erblicken. 


Die vorausbeschriebenen Merkmale, nach denen fast alle Gattungen 
unserer Nadelbiiume von einander unterschieden werden konnen, stelle ich zum 
Schlusse in Form einer Tabelle zusammen, um damit eine klare Ubersicht 
za gewihren. Mogen diese mikroskopischen Befunde, zusammen mit den 
makroskopischen Merkmalen zum Bestimmen unserer Nadelbaumholzer be- 


hulflich sein ! 


Tabelle zum Bestimmen der japanischen Nadelbaumholzer. 


I. OwNE HARZGANGE. 


A. Nur aus Tracheiden bestehend. 


De Wi ryt ie es ce ct ee et ea eee eee Ginkgo. 
2. Markstrahltupfel grosseiporig .................... Sciadopitys. 
3. Tracheiden mit Spiralverdickung ........ .... Lorreya, Taxus. 
B. Aus Tracheiden und Strangparenchym bestehend. 

4. Tracheiden mit Spiralverdickung............... Cephalotaxus. 
d. ,,Juniperus-lupfelung “ vorhanden ................ Juniperus. 
6. Markstrahlttipfelpori auch bei Spiitholz breit........ Libocedrus. 
7. Markstrahlwinde ringsum glatt................ . .Podocarpus. 
8. Markstrahltangentialwinde glatt, aber horizontal nicht 


Thujopsis, Cryptomeria, 


a eo eas pata Chamecyparis, Cunninghamia. 


(‘Tangentialwiinde zuweilen mit ,, Hocker “ versehen),....... Thuja. 
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Il. MIT TRAUMATISCHEN HARZGANGEN. 


9. Markstrahlen nur aus Parenchym........... pe. Seat veea Abies! 
10. Markstrahlen aus Parenchym and Quertracheiden........ Tsuga 


TIT. Murr sraAnpIGEN HarzGANGEN, VERTIKALEN UND HORIZONTALEN. 


A. Harzgangepithel dickwandig, Markstrahltupfel nicht eiporig, Harzginge 
kleiner geformt und minderziihlig. 
11. Spiralverdickung nur im Spatholz ....... HO iodts, Seen Larix. 
12. Spiralverdickung durch den ganzen Jahrring.. ....Pseudotsuga. 
13. Spiralverdickung fehlend ...... Bias es Wien Seances OS, oe Picea. 


B. Harzgangepithel dunnwandig, Harzgiinge grosser geformt und mehrzahlig. 


14. Quertracheiden mit Zacken, Tangentialtupfel fehlena een i 
15. Quertracheiden ohne Zacken, Tangentialtupfel 
VoOrnandem . .yetir eat sa ee role ae eee Fiinfnadelige Kiefer. 


Schlussbemerkungen. 


1. Das sporadische Vorkommen des Strangparenchymes als Endzellen 
findet sich bei Abies-, Tsuga-, Pseudotsuga- und Larix-Arten. 

2. Die Vertikalharzginge sowie die parenchymatischen Flecke sind 
meist von geficherten Tracheiden begleitet, die im Mittelweg des Uberganges 
der Tracheiden zu den Parenchymzellen sich befinden. Die Flecke, die im 
Holz von Chamecyparis pisifera sich befinden, sind ganz aus gefiicherten 
Tracheiden zusammengesetzt. 

3. Die weissen im Holz von T'suga Sieboldii befindlichen Flecke, welche 
die Bearbeitung, besonders die Hobelung desselben etwas erschweren, sind 
nach den Resultaten mikroskopischer Studien nichts anderes als mit stark 
verhiirteter Harzsubstanz erfullte Zellen. 

4. Das Holz von Cephalotaxus drupacea fihrt stets Holzparenchym- 
zellen und zeigt, obwohl selten, eine starke Holzfarbung, die aus diesen 
Zellen herruhrt. Es ist forstlich sowie baumphysiologisch bemerkenswert, 


dass die stirkere Fairbung innerhalb eines Jahrrings der gedriickten Teile 
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mehr bei dem Frihholz als bei Spitholz vorkommt, was aber der allgemeinen 
Regel ganz entgegengesetzt ist. 

5. Nach der Untersuchung der von verschiedenen Gegenden, sowie 
von verschiedenen Stammpartien entnommenen tuber 100 Holz Proben konnte 
ich mich von dem stetigen Vorhandensein der Calciumoxalatkrystalle in den 
Markstrahlzellen von Abies firma wberzeugen, und zwar kommen sie in sehr 
erheblicher Menge vor; dabei scheint es mir, dass diese Krystalle in dem 
Druckholzteile nur dusserst sparlich vertreten sind, oder ganz und gar feblen. 
Es wird ofters gesagt, dass die Kisten aus diesem Holz von Ratten 
gemieden werden ; doch bedarf es noch weiterer Forschung um _ festzustellen, 
ob diese Tatsache auf die Krystalle, oder auf den eigentumlichen unan- 
genehmen Geruch des Holzes zuruckzufthren sei. Moglicherweise konnte das 
Siigmehl von diesem Holz als gutes Rohmaterial bei der Calciumoxalat- 
fabrikation dienen. 

6. Wir bemerken die Tatsache, dass bei dem glatt gehobelten Holz 
von T'suga Sieboldii oder Cryptomeria japonica das Fribholz viel schneller 
abgenutzt wird als das Spatholz, wahrend bei dem Holz von Chameecypar'is 
obtusa die Abnutzung uberall gleichmissig auftritt. Abgesehen von der 
Verschiedenheit in Harte zwischen Fruh- und Spiitholz ist diese Tatsache 
vorwiegend auf die Verschiedenheit in ihrer Zellwandungsdicke zurtickzu- 
fuhren. Bei Tsuga Sieboldii und Cryptomeria japonica ist dieser Unterschied 
ziemlich betriichtlich, wihvend er bei Chamecyparis obtusa sehr unbedeutend 
ist, was die soeben erwahnten Widerstandsdifferenzen von beiden Holzern 
verursacht. 

7. Da das Holz nach drei Richtungen hin verschieden gebaut ist, ist 
sein Verhalten den Richtungen nach verschieden, Zum Beispiel ist der 
Leitungswiderstand des Holzes fur Elektrizitit stets in der Richtung des 
Faserverlaufes am geringsten und in der Tangentialrichtung am _ grossten, 
was nebst dem radialen Verlauf der Markstrahlen vornehmlich auf der all- 
gemeinen Zellanordnung begriindet sein diirfte. In der Axialrichtung, wo 
die Sumne der Querschnittsfliichen der Zellwandungen, d. h. die Leitungs- 
fliche am grossten ist, ist es ganz natirlich, dass dieser Widerstand am 
geringsten ist. Obwohl bei dem Tangentialwiderstand die Leitungsfliche 


gleich bleibt wie beim Radialwiderstand, sind doch im ersteren Falle die 
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Stromwege natiirlich verlingert und verzweigt, wie man bei irgend einer 
Querschnittfigur des Holzes bemerken kann, wo die Zellen, besonders des 
Frihholzes, meist wie bei einem Ziegelgemiiuer angeordnet sind. Nach der 
Rechnung werden wir unter einigen hier nicht zu nennenden Voraussetz- 
ungen annehmen durfen, dass der Widerstand in der Radial- und Tangen- 
tialrichtung etwa in Verhiltnis von 2 zu 3 stehe. Von derselben Zellanord- 
nung konnte hauptsichlich die stirkere Scherfestigkeit an der Sehnenfliiche 
der Holzer der Nadelbiiume verglichen mit der Spiegelfliche abhingig sein, 
obwohl hier die geringe Kohision zwischen Zellorganen und Markstrahlen in 


Betracht kommen kann. Naheres dartber werde ich anderswo sagen. 
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ERKLARUNG DER TAFELN. 


TAFEL XVIII. 


Fig. 1. Querschnitt von Ginkgo biloba mit Krystallschliuchen. x65. 

Fig. 2. Radialschnitt von demselben. x 65. 

Fig. 3. Querschnitt von Podocarpus chinensis. x 65. 

Fig. 4. Tangentialschnitt von demselben. x 65. 

Fig. 5. Radialschnitt von demselben. x 170. 

Fig. 6. Querschnitt von Podocarpus Nugeia. x65. 

Fig. 7. Querschnitt von Cephalotaxus drupacet. x65. 

Fig. 8. ‘Tangentialschnitt von demselben mit einem zweireihigen Markstrahl. x 170, 
Fig. 9. Umgekehrte Firbung des Druckholzteiles von demselben. Nat. Grésse. 


Fig. 10. Querschnitt von Torreya nucifera, eine iitherisches Ol enthaltende Zelle zeigend., 
x 65. 

Fig. 11. Tangentialschnitt von demselben mit einem zweireihigen Markstrahl. x65. 

Fig. 12. Querschnitt von Taxus cuspidata. x65. 


TAFEL XIX. 


Fig. 13. Radialschnitt yon demselben. x 170. 

Fig. 14. Querschnitt von Scirdopitys verticillata mit dickwandigem Druckholzteile. x 65. 

Fig. 15. Radialschnitt yon demselben, grosseiporige Tiipfel zeigend. x 170. 

Fig. 16. Hirnende von demselben, eine durch die yinz2 Jahrrinzbreite geh2nd3 Druckholz- 
bildung zeigend. xi 

Fig. 17. Querschnitt von Cunninghamia sinensis. x65, 


Fig. 18. Tangentialschnitt yon demselben, Mitte oben mit einem zweireihigen Markstrahl. 


Fig. 19. Querschnitt von Cryptomeria japonica. x65, 

Fig. 20, Radialschnitt von demselben. x 170. 

Fig. 21. Querschnitt von Thujopsis dolabrata. x65. 

Fig. 22. Radialschnitt durch Zweig von demselben, x 170, 
Fig. 23. Querschnitt von Libocedrus macrolepis. x65, 


Fig. 24. Tangentialschnitt von demselben, einen zweireihigen Markstrahl unten zeigend. x65. 


TAFEL XX. 


Fig. 25, Radialschnitt von demselben. x 170. 


Fig. 26. Querschnitt von Thuja japonica. x65. 
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Fig. 27. Querschnitt von Chamaecyparis obtusa. x65. 

Fig. 28. Querschnitt von Chamaecyparis obtusa, forma formosana. x65. 

Fig. 29. Querschnitt von demselben, einseitige Tiipfelung zeigend, 720. 

Fig. 30. Querschnitt durch nestartige Markflecke yon Chamaecyparis pisifert. x65. 

Fig, 31. Tangentialschnitt von demselben. x 65, 

Fig. 32. Querschnitt von Juniperus chinensis, x 65, 

Fig. 33. Querschnitt von demselben, Horizuntalwandtiipfel der Strangparenchymzelle zei- 
gend. x 170. 

Fig. 34. Tangentialschnitt durch Zweig von demselben, rechts oben eine Juniperus-Tiipfelung 
zeigend, x 170. 

Fig. 35. Radialschnitt von demselben, in der Mitte Hicker der Strahltangentialwand zeigend. 
x 170, 

Fig. 36. Querschnitt von Juniperus rigidt, x65. 
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Fig. 37. Querschnitt durch den Markfleckteil von demselben. x 65. 

Fig. 38. Tangentialschnitt von demselben mit einem zweireihigen Markstrahl. x 170. 

Fig. 39. Querschnitt von Abies firma. An der Aussengzenze eines Jahrrings soz. traumatische 
Harzgiinge; eine Parenchymzelle kommt als Endzelle vor. x65. 

Fig. 40. Radialschnitt yon demselben, Calciumoxalatkrystalle zeigend, x 170. 

Fig. 41. Abies suchalinensis. Am B>zinne eines Jahrrings traumatische Harzgiinge. x65. 

Fig. 42. Tangentialschnitt von demselben, gefiicherte die Harzginge begleitende Tracheiden 
zeigend. x65. 

Fiz. 43. Radialschnitt durch den Harzg.ng von demselben. x65. 

Fig. 44. Querschnitt von Abies Veitchii mit Harzgiingen; zwei Harzparenchymzellen als 
Endzelle sind getiipfelt ausgezeichnet. x 65. 

Fig. 45. Radialschnitt durch den Harzgang von demselben. x 65. 

Fig. 46. Querschnitt von Abies umbilicaft mit Harzz'ingen im Anfang eines Jahrrings, x 65 

Fig. 47. Querschnitt yon demselben, beiderssitige Tiipfelung zeigend. x 720. 

Fig. 48. Radialschnitt von demselben. x 170. 


TAFEL XXII 


Fig. 49. Querschnitt yon Abies homolepis. x65. 

Fig. 50. Querschnitt von Tuga Sieboldit mit traumatischen Harzgiingen. x 65. 

Fig. 51. Querschnitt von demselben, Zellen mit Harzsubstanz erfiillt zeigend. x 65. 

Fig. 52. Tangentialschnitt durch Zweig yon demselben, Tangentialwandtiipfel und Strang- 
parenchym zeigend, x 170, 

Fig. 53, Radialschnitt durch den Harzgang von demselben. x 65, 

Fig. 54. Hirnende yon demselben, besondere Feinwellickeit der Jahrringe zeigend. Nat. 


Grésse. 


. Oo. 
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Querschnitt yon T'suga diversifolia. x65. 
Querschnitt von demselben, beiderseitige Tiipfelung zeigend. x 720. 
Querschnitt von Picea hondoensis. x65. 


Tangentialschnitt durch den Harzgang von demselben, gefiicherte Tracheiden zeigend. 


Querschnitt von Picea bicolor. x65. 


Querschnitt von Picea ajanensis. x 65. 


TAFEL XXII. 


Querschnitt von Picea polita. x65. 
Querschnitt von Pseulotsuga japonica. x65. 
Querschnitt durch den Harzgang von demselben. x 170. 


Tangentialschnitt durch den Harzgang von demselben, gefiicherte Tracheiden zeige nd 
Tangentialschnitt durch den Zweig von demselben, Tangentialwandtiipfel zeigend. 


Radialschnitt yon demselben, Spiralbildung in Friihzone zeigend. x 170. 
Querschnitt von Larix leptolepis. x65. 

Querschnitt von Larix dahurica var. japonica. x65. 

Querschnitt von Pinus densiflora. x65. 

Querschnitt durch den Harzgang von demselben, x170. 

Radialschnitt yon demselben, Quertracheiden mit Zacken zeigend. x 170. 


Radialschnitt durch den Harzgang von demselben, gefiicherte Tracheiden zeigend. 


TAFEL XXIV. 


Querschnitt von Pinus Thunberyii. x65. 

Radialschnitt von demselben. x 170. 

Querschnitt von Pinus parviflora. x65. 

Tangentialschnitt von demselben, gefiicherte Tracheiden zeigend. x 65. 
Radialschnitt durch den Harzgeang von demselben. x 65. 

Querschnitt von Pinus Koraiensis. x65. 

Querschnitt durch den Harzgang von demselben. x 170. 


Tangentialschnitt durch den Zweig von demselben, Tangentialwandtiipfel zeigend. 


Querschnitt von Pinus pentaphylla. x65. 
Querschnitt von Pinus pumila. x65. 
Tangentialschnitt durch den Harzgang von demselben, x 65. 


Tangentialschnitt von demselben, gefiicherte Tracheiden zeigend. x65. 
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On the Development of the Pollen-Grain and Em- 
bryo-Sac of Daphne, with special Reference 
to the Sterility of Daphne odora. 


I. Osawa. 


With Plates XXNV—XNXVIT and three Text-Iigures. 


Among cultivated plants there are many which are completely sterile 
or produce seeds very rarely, though they produce flowers containing well 
developed stamens and pistils. ‘Che causes of the sterility of these plants are 
probably various. 

Tt is a well known fact that the sterility of plants is often caused by 
hybridization, and a number of cases of these sterile hybrids has been 
studied by many investigators during the last few years. Among them we 
may mention JuenL (1900), Cannon (1903), Correns (1902), Grecory 
(1905), Garrs (1907), and Trscuier (1903, 1906, 1908). According to 
these, several irregularities, which cause the degeneration or abnormities 
of the poilen-grains or embryo-sacs of these sterile hybrids, occur generally 
during their development. Thus fertilization does not take place in these 
plants and sterility is the result. 

The sterility of plants may sometimes be due to the influence of long 
culture or unfavourable climate, as has already been fully discussed and ex- 
perimented by Darwrtn (1868), Murckr (1908), Trscuner (1908), Wunrr 
(1909), and others. 

There are also many so-called self-sterile plants which, though both 


pollen-grains and embryo-sacs are produced normally, remain _ sterile 


(Jour. Coll. Agric., Vol. IV, No. 5, 1913.) 
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for some unknown reasons, when they are pollinated with their own pollen. 
It is reported by Frirz MuE:Luer (1868) that in Notylia the pollen-grains 
and the stigma act as poison on each other, so that the germination of the 
pollen-grain is prevented, and both the stigma and the pollen-grain die off 
together after about two days. Josr (1907) has studied several self-sterile 
plants, as Corydalis cava, Secale cereale, Lilium bulbiferum, Hemerocallis fulva, 
Cardamine pratensis, and some Leguminose. According to him, the self- 
sterile plants produce mostly normal pollen-grains and ovules, and the pol- 
len-grains may easily produce pollen-tukes, which may enter into the 
tissue of the stigma of the same flower, but in these cases, the tube, as a 
rule does not reach the ovule for some unknown reason, and sterility results. 

It is also probable that the sterility of plants may sometimes be caused 
by mutation, as has been maintained by some authors (GATEs, i907 ; 
Geents, 1909; TiscHLER, 1908, 1910). 

Daphne odora Thunb. is a native of China and is commonly cultivated 
in Japan. The plant is found in full blossom about the middle of March, 
and each flower contains eight stamens and a single pistil with one anatro- 
pous ovule. The anthers and ovules are well developed and seem to be 
quite normal externally, but the plant is entirely sterile in our garden, In 
this case the sterility appears not to have been caused, at least, by hybridiza- 
tion, because there is no description or reason to believe that the plant is 
produced by cross-breeding. So I thought that it would be interesting to 
investigate the cause of sterility and to compare it with the normal fertile 
species of the same genus. For this purpose, Daphne pseudo-mezereum A. Gr. 
and Daphne kiusiana Miq. were also studied. Both species grow wild in 
Japan, but the material for my present study was mostly collected from the 
plants in the Botanical Garden of the Agricultural College. 

There are but few investigations dealing with the development of the 
pollen and the embryo-sac of Daphne. PRoHaAska (1883) has studied the 
development of the endosperm and embryo of certain species of Daphne, but 
he gives no descriptions of the earlier stages of their development. Srras- 
BURGER (1884, 1885, 1909) has also described the formation of the endosperm 
in certain species of Daphne, but he gives only a short statement in regard 


to the development of the embryo-sac, 


 ————— 
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This investigation was chiefly carried out in the Botanical Laboratory of 
the College of Agriculture of the Imperial University of Tokyo under the 
guidance of Professor K. Miyake, to whom I here express my sincere 


gratitude. 


Material and Methods. 


The greater part of the material fur the present investigation was col- 
lected at the Botan‘cal Garden of the College of Agriculture, small collec- 
tions have been made also at other places. Collections were chiefly made 
from the Ist of November 1908 till the middle of April 1909. From the 
Ist of September till November 1909, an additional collection was made for 
the study of the earlier stages. In the early stage of development the whole 
flower-buds with young stamens and pistils were dipped into a killing fluid. 
As they hold an immense quantity of air, their sinking in the fluid is 
prevented, but after immersing into 959 alcohol they sink at once. If the 
flowers were older, ovaries were separated from the buds and dipped into the 
killing fluid. At this stage the ovarian wall increases in thickness, so it is 
better to cut off a part of its wall for the rapid penetration of the fluid, 
but great care must be exercised not to injure the ovules. 

Several fixing reagents were employed, but FLEMMING’s stronger solution 
and chromo-acetic solution containing 192 chromic acid and 19 acetic acid 
were most satisfactory. I°LEMMING’s weaker solution, and weak chromo-acetic 
solution containing 0.792 chromic acid and 0.392 acetic acid worked also 
well, but alcoholic solution of acetic acid and _ picro-acetic solution did not 
bring good results. 

The sections were cut from 5 to 20y in thickness, For staining several 
reagents were used, among these the more satisfactory combinations were 
found to be safranin-gentian violet-orange and HetbeNHAIN’s iron-alum- 
hematoxylin. For the study of chromosomes the latter was most useful and 


satisfactory. 
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Daphne odora, Thunb, 
1. DEVELOPMENT OF THE FLOWER. 


The flower bud of Daphne odora appears at the end of the summer on 
the top of the growing shoot. In the material gathered in the middle of 
September we aiay find it in the condition as is shown in Text-fig. La, 6, 
which is naturally thickly enclosed by the numerous bracts, though they are 
not shown in the figures. he number of flowers in a single bud is not 
constant and in a larger bud there are often twenty or more of them, and 
as there are great differences in stages of development of the flowers even 
in a single bud, it is not difficult to trace their development. The flowers 
appear as protuberances from the growing point or the top of the stem 
(Text-fig. 1,«). These swellings push out rapidly, and meanwhile a 
cylindrical mass of tissue grows up at the apex of each receptacle (Text-fig. 
Igve: 


divides into four leaves (Text-fig. 1, ¢), in which two leaves are, at first, 


d,c). This is the primordium of the perianth and its upper portion 


larger than the other two. Shortly afterwards the primordia of the stamens 
are produced as protuberances of the inner surface of the floral tube, as is 
shown in Text-fig. 1, f, g, 4, 7. The upper four appear first and are soon 
followed by the lower four. During the development of the stamens the 
pistil appears also as a swelling from the basal part of the inner surface of 
the floral tube (Text-fig. 1, A, i, j, &). <All parts of the flower thus 


produced now grow gradually and differentiate as is to be described in the 


following chapters. 


2, MICROSPORANGIUM. 


In the earlier stages, the young meristematic cells of the anther are 
very small and equal in size. At the next stage studied many cell divisions 
and differentiations of tissue take place, thus the sporogenous cells, tapetum, 
and wall tissne are produced, ‘Text-fig. 2 shows a transverse section of a 
single locule containing the resting pollen-mother-cells. ‘Che epidermis consists 


of a single layer of cells and just beneath it there are several, usually three, 
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Text-stet fig. 1. Development of the flower. u, b,x25; c—/,x55. a, longitudinal section 
of flower bud. 6, cross section of the same. e, longitudinal section of single bud. d, the same in 
older stage. e, serial cross sections of a bud in nearly the same stage with d. f—/j, longi- 
tudinal sections of flower buds in more advanced stages. /, serial cross sections of a bud in 
nearly the same stage with j. 


layers of cells, hey are the so-called middle layers, which are rather thin 
and appear to be pressed by the inner layer cells, the tapetal cells, The 
latter form a well organized sheath enclosing the sporogenous tissue. ‘Lhe 
pollen-mother-cells, forming a central mass of tissue, can easily be dis- 
tinguished from other cells by the larger size of the nuclei, dense cytoplasm, 
and by their staining character towards reagents. 

In the earlier or resting condition of the nuelei of the pollen-mother- 
cells, the cells usually form a compact tissue and are angular in form as in 
Text-fig, 2. The nucleus contains one large nucleolus, which is commonly 


placed near the nuclear membrane. ‘Two nucleoli nearly equal in size may 
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sometimes be found in a single 
nucleus. Besides these nucleoli, there 
oceur generally a number of deeply 
staining bodies, which distribute in 
the periphery of the nucleus and are 
connected with one another by very 
fine linin-fibres. These bodies might 
be considered to be the equivalents of 
the so-called “ prochromosomes ” (lig. 
1) (OvERTON, 1905). The number of 


Text-fig. 2. A portion of transverse section these bodies, however, cannot be 
of the anther. x 400. 


exactly determined in many cases, 
though they may sometimes be counted as nearly the same as that of the 
sporophytic chromosomes. Their arrangement also seems to have no regu- 
larity, though we may often find that some of them are arranged in pairs 
end to end or side by side on linin-fibres. The resting stage of the nucleus 
continues a comparatively long time and with the approach of synapsis the 
linin-threads become more numerous and increase in thickness, thus forming 
a more clearly defined net-work (Fig. 2). During these stages the small 
chromatic substances irregular in size and form inerease in number and are 
distributed on linin-fibres. 

The approach of synapsis is indicated by the contraction of the linin- 
fibres separating from the nuclear membrane. The chromatic bodies which 
were distributed irregularly in the nuclear cavity now begin to fuse to one 
another and finally form a few large bodies, which also assemble gradually 
on one side of the nuclear cavity, being accompanied: by the condensation of 
the linin-fibres. These contractions of the reticulum and the chromatic 
masses proceed more and more, until they become a deeply staining compact 
ball as in Fig. 3, and sometimes we find a few delicate fibres extending 
into the nuclear cavity which give frequently a false appearance of doubling. 
The synapsis stage lasts for a fairly long time as is shown by the fre- 
quency of its occurrence in the material sectioned. Then the spireme 
shortens and thickens and the synaptic ball gradually loosens its structure 


with the result that a thickened and very much shortened thread appears 
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(Fig. 4), which is yet difficult to trace in its denser portion. Such a so- 
ealled “ dolichonema ” stage seems to last for a comparatively short time and 
to pass very quickly into the next stage. The spireme seems to be a 
homogeneous single thread in many preparations, though some looped por- 
tions of the spireme give sometimes the false appearance of a longitudinal 
splitting as is shown in Fig. 4. The spireme gradually increases in thick- 
ness and decreases in length, and after a short time there appear indications 
of a process of segmentation of the spireme, thus it is transformed into a 
chain of chromosomes. The process of segmentation appears not to occur 
simultaneously throughout the entire length of the spireme. In Figs. 5 and 
6 we may see early stages of this process, where the chromosomes are present 
as long bent rod-like or more or less spindle-shaped bodies, with linin-fibres 
connecting them end to end. The contraction and condensation which occur 
in the spireme now continue in these chromosomes until they become nearly 
globular or pear-shaped bodies. In Figs. 7 and 8 the spireme has just 
broken into groups of chromosomes, each group showing the chromosomes 
arranged end to end as in Oenothera (GATES, 1907, 1908; GrEERTS, 1909). 
In Fig. 8 the larger portion of the spireme has already split into chromo- 
somes, but a few portions yet exist as spiremes, which present a more or 
less moniliform appearance. The linin connections between the chromosomes 
become longer and more delicate, and then disappear gradually. In the 
diakinesis stage, each two of these chromosomes arrange in pairs, end to end 
(Figs. 9 and 10), but this is not always the case, and we very often found 
that many of the chromosomes were so separated and scattered that it was 
impossible to determine in what relation they stood to one another. 

In the late diakinesis stage a felt-work of fibrillae appears in the 
cytoplasm around the nuclear membrane. By their aggregation in several 
regions the multipolar spindle is formed (Figs. 11 and 12), and meanwhile the 
nuclear membrane and nucleolus disappear, thus the spindle fibres enter into 
the nuclear cavity and attach themselves to the chromosomes. But the 
multipolar spindle stage does not last long, and quickly rearranges itself 
to form the typical bipolar spindle (Fig. 14 a, 6). At this time the 
chromosomes, which are distributed irregularly in the nuclear cavity, are 


drawn into the equatorial plate of the heterotypic spindle, and gradually 
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arrange themselves more or less regularly. With the contraction of the 
spindle fibres each bivalent chromosome which forms in the nuclear plate 
splits now into daughter chromosomes, which begin to move towards the 
poles. The daughter chromosomes, however, appear not to travel towards 
the poles pace to pace in many cases, e. g., some of them had already 
reached the poles of the spindle, while the others were on the way or still 
remained on the nuclear plate in pairs. So that in the metaphase of the 
first. mitosis, we find many chromosomes which are scattered irregularly on 
the spindle fibres as is shown in Figs. 14-16, 

The number of chromosomes has been counted in various stages and in 
most cases it appears to be 14 for gametophyte, but occasionally 12 or 13 
were counted. In Fig. 8 we see 28 single chromosomes and in Fig, 17 we 
may count clearly 12 chromosomes in each daughter nuclei; in Fig. 21 
which shows an anaphase of the heterotypic mitosis, one of the daughter 
nuclei has 12 chromosomes, while the other has 14 of them. The variation 
in the number of chromosomes is also observed in Morus alba (Tamara, 
1910) and Zea Mays (Kuwapa, 1911). The somatic number of chromo- 
somes was also examined in the nucellar and epidermal cells of the young 
ovule, and appears to be probably twenty eight for the sporophyte (Fig. 35). 
So the first nuclear division of the pollen-mother-cell must be reducing and 
heteroty pic. 

In the early anaphase of the heterotypic division each chromosome 
splits longitudinally and often gives an appearance of a short and thickened 
Vv or H (Figs. 17, 18, and 19). This splitting is evidently a premature 
fission of each chromosome in preparation for the second mitosis. The group 
of 14 split chromozomes is best observed in polar views of late anaphases of 
the first mitosis, or after the daughter nuclei are produced. At a later 
stage the split chromosomes sometimes appear as more or less dumb-bell 
shaped bodies, since the contraction and condensation of the chromosomes 
continue until this time. After the heterotypic mitosis the daughter nuclei 
never pass into the true resting stage and the chromosomes never lose their 
identity completely, though they anastomose with one another and assume 
amocboidal shape (Fig. 20). 


After a short interval each daughter nucleus prepares for division and 
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the second spindle is soon formed, ‘The chromosomes move towards the 
nuclear plate of the spindle, where they seem to arrange themselves more 
regularly than in the first division (Fig. 22), The two homoeotypic spindles 
are formed simultaneously, but the position of both spindles is not always 
the same. In Fig. 24 they are in parallels, but in Fig. 23 they are nearly 
at right angles to each other. Meanwhile the splitting of the chromosomes 
which are arranged in the equatorial plate becomes complete, and each 
daughter chromosome moves towards the poles of the spindle (Figs. 23 and 
24), When the daughter chromosomes have reached the pole, nuclear mem- 
brane is formed around these chromosomes, and a small nucleolus makes its 
appearance in each nucleus. At this or a somewhat earlier stage the number 
of chromosomes can be counted (Fig. 26). 

Shortly afterwards cell membranes are simultaneously produced between 
these four grand-daughter-nuelei, thus forming a typical tetrad, and the 
nuclei pass into the resting stage by the branching and anastomosing of the 
chromosomes. The tetrad thus produced grows rapidly and then escapes 


from the mother-cell-wall, forming the pollen-grains, 


3. ABNORMALITIES OF THE POLLEN-GRAINS, 


In Daphne odora several irregularities may take place in the develop- 
ment of the pollen-mother-cells. The resting and synapsis stages of them 
however, scem to pass through normally, though in a few sections I met 
with those in which the mother-cells and tapetum lose their turgor, and the 
contents stain deeply with safranin or haematoxylin, indicating that their 
degeneration has set in, as is the case with Syringa (JuEt, 1900; TrscHier 
1908), Gossypium (CANNON, 1903), Lathyrus (Grecory, 1905), and in 
Oecnothera (GATES, 1907). 

In Daphne odora, however, such an early disintegration appears to be 
rather rare and a great majority of them pass into the tetrad stage. The 
multipolar spindle sometimes appears as early as the late spireme stage in 
which the chromosomes are not yet completely separated (Fig. 13). A 
similar phenomenon was observed by Juren (1900), Trscumer (1908), and 
Nakao (1911) in sterile hybrid plants. 


In the heterotypic division, chromosomes are very often found scattered 
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irregularly on the spindle fibres, as above mentioned (Figs. 14, 15 and 16), 
and occasionally some chromosomes spread out from the spindle and are left 
behind in the cytoplasm without reaching the poles of the spindle. Such 
chromosomes may produce very small nuclei after a short time (Figs. 27- 
29). Similar irregularities were also noticed by JuEL (1897) in the 
pollen formation of Hemerocallis fulva; by Tiscuier (1908, 1910) in the 
polien development of Syringa chinensis (S. vulgaris x S. persica) and of 
certain Musa species; by GATEs (1907) in the sterile Ocnothera hybrid (0. 
latax O. Lamarckiana) and by RosEnBera (1904, 1909) in a certain 
Drosera hybrid. 

The homoeotypic division of the pollen-mother-cell is carried on more 
regularly as already stated, and I could scarcely find any abnormalities in 
my preparations. But in the tetrad stage there occur very often more than 
four cells, e. g., five, six, or seven, exceedingly variable in size, as has also 
been observed by many authors in cultivated or hybridized plants (WILLE, 
1886; BEER, 1907; Tiscurer, 1906; Gates, 1907). The nuclei of these 
supernumerous cells are probably partly produced by amitotic division of 
some nuclei of the tetrad, with the exception of those extremely small nuclei 
which are due to the scattered chromosomes. In many cases the nuclei of 
some daughter cells appear as oblong or hourglass-shaped bodies, showing 
they are in the way of amitotic division, and this amitotic division of the 
nucleus is followed by the drawing apart of the cytoplasm (Fig. 32), These 
phenomena have also been clearly observed in fresh materials which indicate 
many transitional features of drawing apart of both nucleus and cytoplasm. 
Such amitotice division sometimes stops before it is completed and the cell 
reaches the matured stage in that condition, thus we may often observe a 
few irregular dumb-bell-shaped pollen-grains in the loculus, though their 
contents are sometimes degenerated (ig. 33). An amitotic division of the 
nucleus in the pollen development was occasionally observed and it is m n- 
tioned by JuEn (1900), Cannon (1903), SurparA and MryAKE (1908), 
TrscniEr (1908), Kuwapa (1911) and others, 

At the tetrad stage each spore contains a large nucleus and is filled 
densely with cytoplasm, it appears normal though variable in size. But 


further development is exceedingly irregular. In the stage of bloom we 
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may find many abnormal pollen-grains. Some of these are very small, 
containing a little dark-stainable substance; these must probably coincide 
with those. pollen-grains produced from the scattered chromosomes in 
cytoplasm. Some contain a small ill-shaped nucleus and very poor cytoplasm 
in spite of its normal size and shape. In another pollen-grain, cytoplasm 
stains deeply, indicating that degeneration has already set in. In others 
the form cf pollen-grain is very irregular and the contents disappear 
already, and beside these many other irregular grains are to be seen in a 
loculus (Fig. 33). I not seldom found pollen-grains with two nuclei, a 
generative and a vegetative. But in many cases it appears that the pollen- 
grain is destined to degenerate befure the nuclear division takes place, by 
which generative and vegetative nuclei are formed. I have often examined 
the stigma of the flower of D. odora, at the stage of full bloom, and found 
a great many pollen-grains, which were attached to the stigma. But I 
never met with pollen-grains, which germinate on it; many of them lose 


their contents and disintegrate already. 


4. MEGASPORANGIUM. 


The embryo-sae of Daphne odora is derived from a hypodermal cell 
situated at the apex of the nucellus. The ecll grows rapidly and soon be- 
comes discernible as an enlarged oblong cell, which contains a large nucleus 
and more or less granular cytoplasm. This hypodermal archesporial cell 
soon divides into two cells by a periclinal wall. The outer or micropylar 
cell is the so-called tapetal cell. The increase in size of this tapetal cell is 
followed at once by a periclinal division and this by an anticlinal, and then 
the daughter cells undergo repeated periclinal divisions. This process may 
continue until as many as eight or more layers of cells are produced (Text- 
fig. 3), and the embryo-sac now lies in the very heart of the nucellus, 
These tapetal cells all persist until the embryo-sac reaches maturity, though 
they are often found in a more or less compressed condition. 

The inner or chalazal cell resulting from the division of the primary 
hypodermal cell constitutes the primary sporogenous cell or embryo-sac- 
mother-cell (Fig. 56). Its sporogenous character is plainly shown by the 


rapid changes which soon take place in both its nucleus and cytoplasm. The 
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embryo-sac-mother-cell grows considerably and it 
becomes rapidly several times its original size 
and just previous to the first division of its 
nucleus the cell becomes unusually long, but is 
completely filled with cytoplasm. The nucleus 
contains, as in the pollen-mother-cell, one Targe 
nucleolus and a number of prochromosome-like 
bodies, which are connected by delicate Jinin-fibres 
(Fig. 36). 


During the resting stage of the embyo-sac- 


Text-fig. 3. Longitudinal 


section of young ovule, mother-cell, the nucleus increases in size and after 
showing tapetum and : ; ¢ : 
megaspores. x 400. a certain period the nucleus begins to show signs 


of approaching synapsis. The process of synapsis is the same with that of 
the pollen-mother-cells, which was described in the preceeding chapter. ‘The 
stage of synapsis seems to be of somewhat long duration (Fig. 37). After a 
time there occurs gradual loosening of the knot, with a simultaneous migra- 
tion of the spireme coil to the nuclear cavity (Fig. 38). he nucleolus, 
here, is seen to remain intact during the whole process and then the spireme 
ribbon splits into a number of chromosomes (Fig. 39). ‘The process of con- 
densation and contraction of the chromosome-segments proceed more and 
more until they attain short, bent rod-form, and every two of them make 
pairs and distribute loosely on the periphery of the nuclear cavity (Fig. 40). 

After a short time a heterotypic spindle makes its appearance in cyto- 
plasm. Although I have observed the spindle always in the bipolar condi- 
tion, I could not determine whether the spindle is multipolar or not at an 
earlier stage of its appearance, as in the pollen-mother-cell (Fig. 41 a, b). 
Kach pair of chromosomes, which shorten and thicken progressively, 
until they become dumb-bell or hour-glass shaped, arrange now at the 
nuclear plate more regularly than in the pollen-mother-cell. When the 
contraction of the spindle fibres takes place, each bivalent chromosome draws 
apart into single chromosomes, and the latter begin to move into the op- 
posite poles of the cell (Fig. 42). At the anaphase of the first mitosis the 
longitudinal splitting of the daughter chromosomes is observed clearly as in 


the pollen-mother-cell. The number of chromosomes was counted in a few 
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sections and proved to be nearly 14 for the gametophyte, but sometimes 
12 were clearly counted, as in the pollen-mother-cell. Fig. 40 shows the 
diakinesis stage of a megaspore-mother-cell nucleus, presenting 13 bivalent 
chromosomes, while in Fig. 41 a, b which represent the metaphase of the 
heterotypic spindle, we can count only 12 of them. 

During the anaphase of the first division a nucleolus and nuclear wall 
reappear in each daughter nucleus, and a cell membrane is deposited between 
two daughter nuclei, which divide the original cell into two nearly equal 
parts, as shown in Fig. 43. The daughter nuclei, however, do not pass into 
the true resting condition, like that of the pollen-mother-cell. The split 
chromosomes remain distinct in many cases, though they are somewhat in 
the anastomosing condition. 

The nuclei of these two daughter cells divide again very quickly ; two 
homoeotypic spindles are generally furmed simultaneously, and the chromo- 
somes are drawn towards the equator, where they arrange themselves in a 
nuclear plate (Fig. 44). The spindles are directed parallel to the longi- 
tudinal axis of the ovule, but this is not always the case, and sometimes the 
spindle is inclined and in fact almost transverse to the axis, So one may find 
at the next stage the two daughter cells range side by side instead of one 
above the other, as in Fig. 46. When the daughter chromosomes reach the 
poles the nuclear membrane and nucleus reappear in each daughter nucleus 
and this is followed by the formation of cell walls between the daughter 
nuclei, thus bringing about a row of four megaspores (Fig. 45). These 
megaspores are nearly equal in size at an early stage, but soon differentia- 
tion occurs between them, when they begin to grow. In many cases observ- 
ed the innermost of the megaspores develops into the embryo-sac, and a 
similar condition has been reported by many authors for several plants. 
The upper three cells now show signs of disintegration, as indicated by the 
cytoplasm, which becomes more dense and stains more deeply, and the nuclei 
lose their definite outline at first, and finally the entire cells become much 
compressed and flattened against the wall cells above (Figs. 47 and 48) | 
Shortly afterwards one may find the disintegrated cells as a dark cap at the 
summit of the embryo-sac as shown in Figs. 52 and 53. In general, the 


disintegration of the upper three megaspores takes place simultaneously, but 
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in some cases it seems to occur one by one, e. g., the next cell above the 
functional megaspore degenerates first, then the one above, and finally the 
uppermost one. I bave observed in several preparations the figures like 
Fig. 51, in which the central two megaspores have already degenerated, 
while the innermost and outermost ones are equally well developed. In an- 
other case I met also with some, in which the uppermost megaspore develops 
well, destined for the future embryo-sac, while the lower three were more 
or less degenerated (Figs. 49 and 50). Some of these irregularities are also 
reported in <Apocinum (Frye and BuopGerr, 1905), Oenothera (GEERTS, 
1909 ; Davis, 1910). 

The cell destined for the future embryo-sac grows rapidly, soon becom- 
ing strongly differentiated from the surrounding cells. Its chalazal end has 
been prolonged into a somewhat funnel-shaped body and gradually penetrates 
into the nucellar tissue as in Tricyrtis (IKEDA, 1902). In these stages an 
increase of the cytoplasm in the embryo-sac does not accompany the rapid 
growth of the embryo-sac, so that large vacuoles make their appearance 
(Figs. 52 and 53). The nuclei also increase in size and undergo the first 
division after a certain period. In Fig. 54 the first nuclear division of the 
embryo-sac is almost completed. During these periods the embryo-sae con- 
tinues to enlarge, especially in breadth; so that it now becomes ellipsoidal 
in shape. The two daughter nuclei now move towards the opposite poles, 
until they reach respectively to the two extremities of the embryo-sac (ig. 
55); here as in other angiosperms, the two nuclei divide again simultaneous- 
ly (Fig. 56). At this stage, the cytoplasm of the embryo-sac becomes more 
rare and attaches simply to the periphery of the sac with the exception of 
the dense mass around these nuclei. The four nuclei produced enter the 
complete resting condition and situate themselves regularly in the cytoplasm, 
which makes a thin layer, as in Fig. 57. The embryo-sac and its nuclei 
grow continuously, and after a certain period the nuclei divide again almost 
simultaneously, giving rise to a typical eight nucleated embryo-sac (Fig. 58). 
In Daphne odora, however, the disintegration of the embryo-sac takes place 
at this stage or at a more or less earlier stage. So the typical eight-nucleat- 
ed embryo-sac is not produced in many cases, and indeed, I found only in 


a few cases embryo-sacs, which reached the matured stage. In such normal 
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cases three of the chalazal four nuclei move towards the chalazal region to 
form antipodal cells) and one of them forms the lower polar nucleus. The 
four unclei in the micropylar end assume their characteristic arrangement 
and give rise to the egg apparatus and upper polar nucleus (Fig. 59). The 
egg nucleus is found near the base of the somewhat pear-shaped ege cell, 
and is usually surrounded by several vacuoles, The cytoplasm of the 
synergids stains more deeply, and each nucleus is much smaller than that of 
the egg cell. Soon after the polar nuclei move towards each other and re- 
main in contact for a while in the upper portion of the sac (Fig, 59). But 
after a certain period they fuse completely, though fertilization does not 
occur (Fig. 60). The antipodal cells which consist of three cells at first, 
now may sometimes divide; so we may find several antipodal cells more 
than three in number, e. g., four, five, or six cells, as is shown in Fig. 59. 
In Daphne odora, however, I have never met with embryo-sacs containing 
so many antipodal cells as other species of Daphne, which were described by 


PROHASKA (1883) and studied by the writer. 


5. THE ABNORMALITIES OF THE EMBRYO-SAC, 


The disintegration of the embryo-sac of D. odora generally agrees with 
that of Syringa and Ribes (Ttscuier 1906, 1908). In the stage of the em- 
bryo-sac-motier-cell, I have never observed signs of degeneration ; hetero- 
typic and homoeotypic divisions were also always normal. ‘The earliest stage, 
in which [ have found the degeneration was as carly as the four megaspore 
stage, as in Tig. 61. But the degeneration at such an early stage seems to 
be rather rare, since I have seen such a case only in a few preparations. 
In a later stage, however, their disintegration may occur in various 
ways. But I will describe here only a few cases, which most commonly 
take place. In some cases the embryo-sac is exceedingly small, and its con- 
tents show signs of degeneration, and form an irregular thin layer attached 
to the periphery of the sacs, staining deeply with safranin or hematoxylin. 
[ have thought at first that these phenomena might be due to the incom- 
plete fixing of the material, but the careful treatment of materials by various 
methods brought always the same result. In another case the nuclei and the 


eytoplasm of the embryo-sac is not yet degenerated, but its nuclei were very 
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variable in size and shape, so that it appears to be probably incapable of 
further development. When the flower is at the stage of full bloom or still 
later, the degeneration proceeds more completely, Figs. 62-65 show embryo- 
sacs at this stage, and some of them contain so far only a few small nuclei. 
These nuclei also appear too feeble to divide further and are destined to 
disintegrate after a little while. In a great majority of cases, which have 
been observed, the embryo-sac was compressed by the surrounding tissue, and 
the contents of it were almost absorbed by the tissue. In such cases a nar- 
row prolonged space, irregular in shape and size, may be seen (Fig. 64), or 
it may be displaced completely by the nucellus tissue (ig. 65). In some 
ceases, though the eight nuclei may occur in the sac, they are small in size 
and more or less irregular in shape, and moreover, the polarization of 
the nuclei does not occur in the sac; and they are distributed irregularly 
in the cavity. 

Thus the disintegration of the embryo-sac may proceed in various ways, 
but it takes place at comparatively later stages of its development and pro- 
eceds more slowly than that of Ribes and Syringa. Such a disintegration 
of the embryo-sac of sterile plants has been already studied by many authors, 
and among them we may mention TrscHiEr (1903, 1906, 1908), RosENBERG 
(1903, 1904, 1909), Murcke (1908), and others. 


Daphne kiusiana, Miq. and Daphne pseudo-mezereum, A. Gr. 


1. MrcrosPporANGIUM. 


The pollen development of D. kiusiana and 1D, pseurlo-mezerevm agree 
with each other, and they also coincide generally with that of D. odora. 
So the following statement may apply equally well to both D. kiusiana and 
D, pseudo-mezereum, unless otherwise stated. 

Figs. 66 and 81 show the pollen-mother-cells with the nuclei in the 
resting condition. As in the ease of D. odora, each nucleus contains, besides 
the large nucleolus, a unmber of chromatic bodies variable in shape and 
size, and here it is frequently possible to count them, finding sometimes 


more and sometimes less than eighteen. These bodies are connected with one 
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another by delicate strands, On approaching towards synapsis the chromatic 
masses increase in number and distribute on the linin fibres, which also 
now become more numerous and form clearly defined net-works (Fig. 67). 
In Fig. 82 the nucleus is now in carly synapsis stage; the linin-fibres and 
chromatin substances have begun to contract, separating from the nuclear 
membrane. This contracting process; proceeds more and more, until a 
compact synaptic knot is produced which lies generally near the nucleolus 
(Figs. 68, 83 and 84). At this stage the chromatic substances make a few 
irregularly aggregated masses in the centre of the synaptic knot. After a 
relatively long duration of synapsis there occurs gradual loosening of the 
knot, producing a thicker spireme, which is very complexly looped and 
tangled, so that in the thicker portion it is scarcely possible to trace its 
structure (Fig. 69). The spireme shortens and thickens gradually and 
finally there appears indication of a process of segmentation (Fig. 70), which 
transform the thread into a chain of 18 chromosomes (Figs. 71 and 85). 

In D. pseudo-mezereum, however, I have not met with these loosely 
distributed spiremes in dolichonema stage, and the segmented spireme is 
found so contracted as to suggest conditions of synapsis as in Fig. 85, and 
this stage is often termed a “second contraction” by some authors. 

The eighteen chromosomes, which result from the segmentation of the 
spireme, are of bent rod-shape or somewhat spindle-shaped, and still con- 
nected with one another by the delicate threads which, however, gradually 
disappear (Figs. 72 and 86), In the diakinesis stage one may find in many 
cases every two of the chromosomes’ forming pairs and distribute loosely in 
the unclear cavity (Figs. 73 and 87), 

As the condensation and contraction which occur in the organization 
of the spireme continues until these stages, the bivalent chromosomes appear 
now as dumb-bell shaped bodies, as in the case of D. odora. Figs. 74 and 
88 show the metaphase of the first or heterotypic mitosis, in which each 
bivalent chromosome ranges now very regularly on the nuclear plate. In 
this respect these conditions in D. kiusiana and P. pseudo-mezereum are in 
sharp contrast with those of D. odora, where the arrangement of the chromo- 
somes on the nuclear plate was very irregular, as has already been described. 


The number of chromosomes can be counted yery clearly in the polar 
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view of the nuclear plate (Figs. 75 and 89) at this stage, and it proves to 
be exactly nine for the gametophyte in both P. kiusiana and D. pseudo- 
mezereum, and just the same number is also easily determined in the dia- 
kinesis (Figs, 73 and 87) or in the anaphase of the heterotypic division 
(Figs. 77, 90, and 91). As the number of somatic or sporophytic chromo- 
somes, which was counted in the nucellar cells of the ovule, appears to be 
eighteen, as in Fig. 97, so the first mitosis must be heterotypic, reducing 
division. 

The two sets of chromosomes (9 in each set) move away normally from 
one another towards the poles of the spindle, and in anaphase each chromo- 
some undergoes clearly a longitudinal splitting which is a premature fission 
of the chromosomes in preparation for the second mitosis, as is cbserved also 
in D. odora, The group of nine split chromosomes is most easily observed 
in polar views of the late anaphase of the heterotypic division (Figs. 77 
and 91). 

Organization of the daughter nuclei takes place as usual, and during 
the interkinesis of the nuclei the chromosomes anastomose with one another 
and assume a more or less amoeboidal shape, but never lose their indivi- 
duality throughout these stages (Fig. 92). Fig, 79 shows the metaphase of 
the second mitosis in which the split chromosomes are carried towards the 
equatorial plate of the spindle, where they arrange themselves quite regular- 
ly. The two spindles may lie side by side (Fig. 93) or at right angle to 
each other (Fig. 79). After reaching the poles of the spindle each group 
of the daughter chromosomes is enclosed by a nuclear membrane, and mean- 
while a large nucleolus makes its appearance in each nucleus (Fig. 80), 
and then the nuclei pass gradually to the true resting condition, being 
followed by the elongation, branching and anastomosis of the chromosomes. 
Meanwhile the cell membranes are simultaneously produced between these 
four daughter nuclei, and the normal tetrad is formed, but there occur 
occasionally more than four spores in a single mother-cell as in D, odora. 
The spores in the tetrad grow gradually and become typical pollen-grains. 
Fig. 94 shows the uninucleated pollen-grain, and in Fig. 95 the nucleus 
has already divided into the generative and vegetative nuclei. Fig. 96 


shows the pollen-grain attached to the stigma in the flowering period, in 
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which the generative nucleus has already divided into two yermiform sperm- 


nuclei. 


2. MEGASPORANGIUM, 


The development of the megaspore-mother-cells of both D. kiusiana and 
D. pscudo-mezereum was examined in several stages, but there is scarcely 
any difference from those of D. odora, which have already been described. 
So we ean here omit to deseribe and sketch their details. The mature 
embryo-sae is typical in every respect and it is generally oblong in form 
(Fig. 99), but in D. kiusiana it appears to be more obtuse oblong, as in 
Fig, 100. The embryo-sac contains well formed egg apparatus, polar nuclei 
and antipodal cells. In the cgg apparatus we may observe one large pear- 
shaped oosphere, containing oue large nucleus and granular cytoplasm, which 
is more or less vacuolated, and two synergids containing smaller nuclei and 
denser cytoplasm, Which stains heavily with FLEMMING’s triple combination, 
Two polar nuclei remain in contact for some time (Figs, 98 and 99) in a 
more or less lower or the chalazal region of the sac, but before fertilization 
they appear generally to fuse completely. Antipodals are always composed 
of numerous cells (Figs. 98-102), in certain embryo-sacs we may count thirty 
or more of them, <A similar condition was also observed by PRoHAskA 


(1883) in certain species of Daphne. 


wd 


3. ‘THE EMBRYO-FORMATION AND THE DEVELOPMENY OF THE ENDOSPERM. 


Details of the fertilization process have not been observed in either 
species of Daphne. 

Immediately after the fertilization the primary endosperm nucleus may 
divide in mitosis before the first nuclear division occurs in the oosphere. 
When these two endosperm nuclei were in the spireme stage, the first 
division of the nucleus of the oosphere was just observed, as is shown in 
lig, 101. Simultaneous divisions of the endosperm nuclei continue rapidly, 
and when the first division of the oosphere is completed, eight large endo- 
sperm nuclei are found in the embryo-sac (Fig. 102. During these stages 
the embryo-sac enlarges very rapidly and attains an exceedingly elongated 


form, being accompanied by the rapid growth of the ovule. Meanwhile the 
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endosperm nuclei continue to divide and scatter now in the cytoplasm, which 
makes a very thin layer nearly attaching to the periphery of the embryo- 
sac (Figs. 103-105), as already described by SrraspurGcer (1884) in certain 
species of Daphne. 

The oosphere remains dormant for a time after fertilization and then 
divides by mitosis. The first wall formed is transverse, as in Figs. 101 and 
102. The next stage of the embryo observed is a typical four celled one 
(Fig. 103), but further development was not examined in detail; only a few 


vlder embryos are shown in Figs, 104 and 105. 


Conclusion. 


In D. odora, as already stated, not only the development of the pollen- 
mother-cells is carried on very irregularly and the pollen-grains thus pro- 
duced are generally sterile, but also the embryo-sacs develop irregularly and 
many of them are disintegrated during their development. So that the 
flower almost always remains sterile. In this case, irregularities which occur 
in the development of the pollen-mother-cells and embryo-sacs are very 
similar to those of the sterile hybrids which have been studied, by many 
authors. But it appears to be scarcely possible that this plant is produced 
by cross-breeding, as already mentioned, and it is more probable, I think, 
that the sterility is due to long cultivation under different circumstances, as 
is the case with many other plants studied by several investigators. DARWIN 
(1868) has already shown us that different circumstances and unnatural 
treatment may often bring the plant to sterility, and informed us of many 
interesting facts, concluding that “The view which seems the most probable, 
and which connects together all the foregoing facts and brings them within 
our present subject, is, that changed and unnatural conditions of life first 
give a tendency to sterility; and in consequence of this, the organs of 
reproduction being no longer able fully to perform their proper functions, a 
supply of organized matter, not required for the development of the seed, 
flows either into these organs and renders them foliaceous; or into the fruit, 
stems, tubers, &c., increasing their size and succulency.” In Daphne odora 


the luxuriance of the vegetative portion is also casily observable. He (1859) 
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also says; “We see that when organic beings are placed under new and un- 
natural conditions, and when hybrids are produced by the unnatural crossing 
of two species, the reproductive system, independently of the general state of 
health, is affected in a very similar manner.” 

WILLE (1886) has studied the pollen development of certain phanero- 
games and informs us that the sterility may often occur in cultivated plants 
as in hybrids, and he adds that “die Stérungen in der inneren Organisation, 
welche durch die veriinderten jiusseren Verhiiltnisse, unter welche dic 
Pflanzen durch die Kultur kommen, hervorgerufen werden, kénnen also so 
durchgreifende sein, dass sie auf Teile einwirken, welche sonst bei der ganzen 
phylogenetischen Entwicklung sich am meisten unveriindert erhalten haben.” 
MvrcKkE (1909) has studied <Acorus calamus, which is always. sterile in 
certain parts of Europe, and found that its pollen-grains and embryo-sacs 
degenerate in an early stage of development. He concluded that the sterility 
is due to the unfavourable climate of Europe for the plant. Recently 
TrscHLER (1908) also showed experimentally that the sexual organs of a 
certain species of Potentilla may be affected by unfavourable circumstances, 
and he also said, that in Syringa persica several irregularities and abnor- 
malities take place in the development of the pollen-grains, and here the 
plant is considered to have become sterile under the influence of cultivation. 
It is also announced by WAKKER (1896) that nearly a similar phenomenon 
takes place in cultivated races of sugar-cane; according to him, there occur 
no anomalies in the wild or half-wild races, but in cultivated races there 
are found generally several degrees of irregularities, and in extreme cases no 
reproductive organ is visible. Besides, GuiGNArp (1887), and FAMILLER 
(1896) also stated that in certain cultivated plants several irregularities may 
occur in the development of the sexual organs. 

These irregularities and disintegration of the reproductive organs of the 
above mentioned plants are also very similar to those of Daphne odora, 
which is described in the preceeding chapter. So it may be concluded that 
the sterility of the plant has been produced by long cultivation. 

But, on the other hand, not only the same phenomena as the irregular- 
ities and degeneration of the reproductive organs or sterility of plants, but 


also the variation of the number of the chromosomes are considered to haye 
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been caused by mutation. for instance, Qenothera lata, a well known 
mutant of O. Lamarckiana, is perfectly sterile, and it is reported by GArEs 
(1907), who has studied it cytologically, that the development of the pollen- 
grains of the former is very irregular, producing only sterile grains. Several 
fern varieties which were studied by Farmer and Miss Dicpy (1907) show 
great differences in their number of chromosomes, and these plants may pro- 
bably be considered to have been produced mutationally. In Wikstroemia 
indica, which is a well known parthenogenetic plant and closely related to 
Daphne, WINKLER (1906) found that not only abnormalities take place 
in pollen-development, but also disintegration may sometimes occur even in 
embryo-sacs. Here the plant was also considered to have been produced by 
mutation. According to DE Vries (1901) some sterile races of currants, 
banana, strawberry, apple, and pear are said to be mutants. A Linaria 
mutant found by Lorsy (1906) appears to be sterile, though the normal 
plants remain always fertile. Mernam (1884) found a form of Halesia 
tetraptera, which is considered to be produced mutationally, but of an exeeed- 
ingly different appearance to its parents, and it shows perfect sterility. 
TrscuLEr (1908) found that in Potentilla Tubernaemontani many irregularities 
may occur in pollen-development, while in P. rubens there oceur no irre- 
gularities and he believed the former to be a mutant. 

Moreover, it is a well known fact that abnormalities and_ sterility of 
pollen-grains or the variation of the number of chromosomes almost always 
occur in parthenogenetic plants, which may also be suggested to be mutants, 
Alchemilla (STRASBURGER, 1904), Marsilia (SrRASBURGER, 1907), Hieracium 
(ROSENBERG, 1907), &e. In Daphne, there exists, indeed, a great difference 
in the number of chromosomes between normal fertilized and _ sterile species, 


that is, in the former—e. g., Daphne alpina, D. mezerewm (STRASBURGER, 


1909), D. pseudo-mezereum, D. kiusiana, we see generally 9 of them for 
the gametophyte, while only the latter shows at least 12 of them. Now 
considering these facts it appears more probable that the sterility of D. 
odora has been caused by mutation rather than by cultivation alone, though 


it is scarcely possible here to give a definite decision. 
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Summary. 


1. In Daphne odora, the pollen-mother-cell undergoes two mitoses as 
usual, one heterotypic and one homoeotypic, though irregularities may some- 
times take place. 

2. In D. odora, the largest number of chromosomes was counted to be 
14 for the gametophyte and twice that number for the sporophyte. 

3. In PD. odora, several irregularities may take place in the later stage 
of pollen-development, and the resulting pollen-grains are mostly sterile. 

4, In DP. odora, the embryo-sac-mother-cell also undergoes one hetero- 
typic and one homoeotypie division resulting in a row of four megaspores. 

5. In D. odora, the innermost or chalazal megaspore generally develops 
normal embryo-sacs, but disintegration of the latter may occur very often 
in several stages of its growth. 

6. The sterility of D. odora is caused by the abnormalities or de- 
generation of pollen-grains and embryo-sacs, and these irregularities may be 
considered to be caused by long cultivation or rather by mutation. 

7. In D. pseudo-mezereum and PD. kiusiana, the pollen-mother-cell is 
originated by two successive mitoses, an] normal pollen-grains are produced ; 
here the number of chromosomes differs from that of D. odora, presenting 
9 of them for the gametophyte, and 18 for the sporophyte. 

8. In D. pseudo-mezereum and D. kiusiana, the embryo-sac is formed 
normally, containing egg apparatus, two polar nuclei and thirty or more 
antipodal cells. 

9. In the fertilized embryo-sac of D. pseudo-mezereum the primary 
endosperm nucleus divides first and then it is followed by the division of 


the egg nucleus. 
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EXPLANATION OF PLATES, 


PLATE XXY. 


Figs. 1-415. Daphne odora, 


ig. 1. Pollen-mother-cell. x 1370. 
Fig. 2. The nacleus of the pollen-mother-cell in the presynaptic stage. x 1370. 
Fig. 3. The same in synapsis. 1370. 
Fig. 4. The same in spireme stage. 1370. 
5. The same with more thickened spireme. x 1370. 

Fig. 6. The same, showing segmentation of spireme into chromosomes. 1370. 

Fig. 7. The same, showing chain of chromosomes. 1370. 

Fig. 8. The same in more advanced stage. x 1370. 

Fig. 9. The same, showing few chromosomes in pairs. 1370. 

Fig. 10. The same in the diakinesis stages. 1370. 

Figs, 11-15. The pollen-mother-cell in the prophase of the heterotypie division, showing 
multipolar spindle. x 1370. 

Fig. 14 a, b. The same in the metaphase of the heterotypic division; here the cell is 
cut into two serial sections. x 1370. 

Figs. 15 and 16. Side view of heterotypic spindle, showing irregular scattered chromo- 
somes 1370. 

Fig. 17. Anaphase of the het>rotvpic division, showing premature splitting of chromo- 
somes. 1370. 

Figs 18 and 19. Telophase of the heterotypie spindle. 1370. 

Fig. 20. A more advancel stage. x 1370. 

Fig. 21 a, b. Pollen-mother-cell cut into two serial sections, showinz polar view of two 
nuclear plites in the m2taphase of the second division. 1370. 

Fig. 22. Nearly the same stage. x 1370. 

Figs, 23 and 24. The late anaphase of the secon] division. 1370. 

Fig. 25. A more advanced stage. 1370. 

Fig. 26. Tetrad. 900. 

Figs. 27-29. The pollen-mother-cells in the late anaphase of the first division, containing 
one or three very small nuclei, besides two larger ones. 1370. 

Figs. 30 anil 31. Tetral with sapernumeral spores. 900. 

Fig. 32. Young irregular pollen-grains in tetrad. 750. 

Fig. 33. Irregular pollen-grains. 610. 


Figs 34 


as 


unl 35. Polar view of nuclear plate of vegetative cells. 1370. 
Pig. 36. Embryo-sac-mother-cell, x 1370. 


Fig. 37. Nucleas of emryo-3ae-mother-cell in synaptic stage. x 1370. 
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Fig. 38. The same in spireme stage. 1370. 

Fig. 39. Embryo-3sac-mother-cell in more alvancel stage. x 1370. 

Fig. 40. Diakinesis stage. 1370. 

Fig. 41 a, b. Embryo-sac-mother-cell cut into two serial sections, showing heterotypiec 


spindle. x 1370. 
Fig, 42. The same in anaphase of the heterotypic division, x 1370. 


Fig. 43. The same in more adyanced stage, 19370. 
Fig. 44. Second division of embryo-sac-mother-cell. x 1370. 


Fig, 45, <A row of four megaspores. x 900. 


PLATE XXVI. 
Figs, 46—65, Diphae oda; Figs, 68-75, D. Kiusiana, 
fig. 46. Four megaspores. x 900. 
Fig. 47. One fanctional an] three degenerate] megaspores. 900. 
Fig. 48. The same in more advancel stage. 900. 
Figs. 49-51. Megaspores in abnormal cases, x 900. 
Fig. 52. More advance] stage than that of Fig. 48. 900. 
Fig. 53. One-nucleate! embryo-sac. 900. 
Fig, 54. First division of nucleas of embryo-sac. *900. 
Fig. 55, Two-nucleated embryo-sac, 410. 
Fig. 56. Second division of nucleus of embryo-sac. x 410, 
Fig. 57, Four-nucleated embryo-sac, x 410. 
Fig. 58. Eight-nucleated embryo-sac. x 410, 
Fig. 59. Maturel embryo-sac. 410. 
lig. 60. The same, showing formation of secondary embryo-sac nucleus. X410. 
Figs, 61-65, Abnormal or disintegrate] embryo-3sac. 410. 
Fig. 66, Pollen-mother-cell. 1370. 
Fiz. 67. Nucleus of pollen-mother-cell in presynaptic stage. x 1370. 
Fig. 68. The same in synapsis, 1370. 
Fig. 6). The same in spireme stage. 1370. 
Fig. 70. More advanced stage, x 1370, 
Fig. 71. Segmentation of the spireme. x 1370. 
Fig. 72. More advanced stage. 1370. 
Fig. 73. Diakinesis stage. x 1370. 
Fig. 74. Side view of the metaphase of the heterotypie-spinlle. x 1370. 


Fig. 75, Polar view of the same. 1370. 


PLATE XXVII. 


Figs. 76-80, 100, 103-105, D. kiusiana; Figs. 81-99, 101 and 102, D. pseudo-nezereum. 


Fig. 76. Anaphase of the heterotypic division. 1370. 
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Figs. 


I. OSAWA ? 


77. Polar view of the same. x 1370. 

78. Late telophase 1370. 

79. Metaphase of the second mitosis. x 1370. 

80. Tetrad, 1370. 

81. Pollen-mother-cells. x 1370. 

82-84. The nuclei of poilen-mother-cell, showing synapsis. 1370. 
85. Segmentation of the spireme. x 2370, 

86. The same, showing more advanced stage, 1370. 

87. Diakinesis stage. 1370, 

88. Side view of the metaphase of the heterotypic spindle, x 1270. 
89. Polar view of the same. x 1370. 

90. Anaphase of the same division, 1370. 

91, The same in polar view. x 1370, 

92. More advanced stage. x 2370, 

93. Anaphase of the second mitosis. x 1370. 

94. Pollen-grain, x 900, 

95. The same, showing vegetative and generative nuclei, x 900, 
96. The same, showing vegetative and two sperm nuclei. x 900. 
97. Nuclear divisoin of vegetative cell. 1370. 


93. Lower portion of embryo-sac, showing many antipodal cells and polar nuclei. 


99 and 100. Matured embryo-sac. x 410. 

101. Embryo-sae, showing the first mitosis of the ez2 nucleus and two endosperm 
x 410. 

102. The same, showing two-cellel embryo and eight enlosperm nuclei. 410. 


103-105, Upper portion of embryo-sacs in more advanced stages. x 230. 


& 


“we 


Wn <* 
“s Sr). / % 3" a 
be ns ee 


/ 


| eo 


~ 


<5 


Te 
>< 
>< 

Sy 
™~ 
ae 
Q 


‘| 


(9) 


nN 


| ya ~~ \ SS 


te) 
@e } f \ 
ee i \ Rg ) 


H. OYE IMP 


Coll. Agric. Vol. IV. 


} 
f 


Jour. 


Plate XXV1. 


H. OYE IMP 


iy 


Jour. Coll. Agric. Vol. 1V. 


Plate XXVIl. 


3 ae 


| Studies on the Mecoptera of J apan. 
4 By 


Tsunekata Miyaké, 


264 


Addenda & Corrigenda. 


P. 269, line 6 from bottom, insert after “ten segments”: (or eleven, if the anal internal tube 
is taken as the eleventh segment). 

P. 270, line 11 from bottom put comma after *‘ the clypeus” and insert: maxillae; for labrum 

read Jabium. 

P. 270, line 6 from bottom for labrum read clypeus in both instances. 

P. 270, line 5 from bottom for labium read labrum. 

P. 279, line 3 from top, insert after “ten segments’: (or eleven, if the last two joints are 

| counted separately). 

P. 375, line 15 from top, for Parodoxa read Paradoxa, 

P. 391, line 3 from bottom, insert before « figs. 10”: Pl. XXXIV., 


0. Atelative ‘lengths of the subcosta to the wing in the Aulops group and 
of the subcosta from the base to the cross vein ¢ to the wing in the 
Ranorpel PAO eel le? aa tee See er ee 
Number of Branchlets of the First Branch of 
Size of the Clavus.., 


the Radial Sector ., ., 304 


Number of Cross Veins between an,. and an,., and an,.and ang. .. 306 


sob eco: po 


Conclusion, , 
IV. Wing-Markings . 


Site knee alana Sia WH isle, wis: inal pieull oa Se ciel SOUS 


ee oe ** oe ** oe * “* *- *- “* “* * “* 310 


[Jour, Coll. Agric., Vol. IV, No. 6, 1913,] 


Studies on the Mecoptera of Japan. 


By 


Tsunekata Miyake. 


With Plates XX VITI—XXXVII and six Text-Figures. 


CONTENTS. 


Etroductions.., ss.) > << 


Part IL General. 


I. External Structure .. 
a ead a as os 
a. Mouth-Parts 
ey A a Se 
a. Legs 
b. Wings.. oe 
3. Abdomen .. .. .. 
a. Genitalia re ere 
Il. Internal Structure .. .. 
AEE OIPORIVOSOVSLCIN sc, Sami eel | Sic ne? ee. e) Se ee lew) ele 
2. Nervous System. .. 
3. Reproductive System 
III. Venations and their Variations .. Ae 
oo) Peculiarity, OF they subcostal Veins) 20 af «6 «0 ss «2 =6 os se 
a. Modification of the subcosta . Sah Scoteh Pera, eats is eetatehe a ae 
b. Relative lengths of the subcosta to the wing in the ee group and 
of the subcosta from the base to the cross vein ¢ te the wing in the 
Panorpa group .. .. .. + eae . 3 
Number of Branchlets of the First Branch of the Radial Sector 


2. 

3. ‘Rive of the Clayus...° 260 2. “se we se ne oe oe ee we ow oe 
4, Number of Cross Veins between an,. and an,., and an,. and ang. 

i Gene Ses sc Mw ee ea ee ae se 8s ss 


LV Wing-Markings . ee ee oe ee “* * “* “* ** * “* “* ** 


[Jour. Coll. Agric., Vol. IV, No. 6, 1913.] 


266 TSUNEKATA MIYAKE: 


TA) oor Meera BAe noOO OG. G0 OO oo oo a6 dod 50 so. a5 -dultl 
a. Origin and formation of the pterostigmatal fascia .. .. .. .. .. 311 

b. Deviation of the starting point of the fascia from the pterostigma .. 312 

G;. -Widening: 25; s5. Asse ee fe aki One. oie ene een OLS 

CRA D ee AO MOTE OMIA EE 56 G5 35 oo 50 oa co do co ole 

e. ‘Wnevenness of thesinmersedge: oo 9 5. “ae ce Gen enn cel bee ol es 

2. <Apical Datk Area. 3. eMac ee te lien! Seat See ks) Se eee eee 
a, ‘Qrigin’ s5,° Sa) ee es sie Sense ee ict Voces OE 

b. Changes tin: the aniter odep.<* rot ot Ee Gini iewal oe ata eee Ges 

3. . Supplementary Markingsi.. =. 5. We “ma eis ges eo on uie el) Wet lemmas 
a. Markings in the area external to the pterostigmatal fascia .. .. .. 315 

b. Markings in the area internal to the pterostigmatal fascia ., .. .. 316 

4, Thinning of the Colour and Fenestration of the Markings .. .. .. .. 318 
5, WellowishTineetof Wime.. 4. a esleae aly se “se. 5 eee 
6. PhylogeneticiConclusion: 52 2. cia rc si eI lease) sie ee ee 
7, “Wing-Makingsiob (Panorpodes:..0) 3.5 ‘0 (ee ar cic Wein oe sue 
V., Habits. Gel sar ese a es 2a ch arn lem) See Som ie pitino eee 
tee 0010 eS Bc CMe 1S Maaic 65G Soo copecs- og co, Su 
Ace PANOFPOACSE*eweeee des Si. cs step ote Maen | ae Tar ee Ee 
By opILEACUB 5. ees tie nace fae: ws 3s nae SRP eee eee e elOk Src: kane eo 
Wi’ “Wuife-History <4; 25 (20 sv. kat) Set eee eee oe) oO ECS 


Part II. Systematic. 


Systematic List of Genera and Species., .. sc ss se 0 -ve: sm we osemreom 
ORDER MECORTSRA: 2. 0%5 "as co Pee) eeieeioe aces leigu cis rc) Meo 
Family PANGRPIDM: 4. 2. os ss se cel eel se (06 cs jen josh neues 
Genus; PANORPAVTND.- 2. 66 ss as) Se Nee es) ee) et ee ee 
Group I. (Panorpa). 
1; Panorpa;cornigers M‘L, .. ..° <0, see se <0 eal ss eee 
subspec. fulvicaudaria n. subsp. . .. 2. «2 se ce os eo Soo 
communis Linn, ,. .. ccausieil es) uacaatenace: Dann Ree 


gokaensis Miy... ... “ss as./te4. sell ea) cou aoe: tee ee 


- 2p 


galloisi Miy. ee ee oe oe ee ee ee ee oe ee oe 342 
PNG Sf) CECT OO GAM ESHA “co of oo OEY 
ophthalmica, Nov... .» - ss a. fee) “eee cas) jomy foe Ree 


formosann NAV.  o« ee sc “ee~ seid eich Gee MOSUL ECR Res 


ol 
a BG ss aly 8° ba Lo 


Panter Peters, 5 ws. ee, oe) swt {Fun ee We Se een 

Group 1[. (Aulops). | 

6) PB japomiea Thunb, 2. ss sa <u we se wer Penis ween 
subspee. macrogaster M‘L. .. «so «a ce ss 0c cs es oe ee 

10. P. pote. .t .> so) ett Cee 


STUDIES ON THE MECOPTERA OF JAPAN. 267 


rectifasciatawMiy; sm lu. yeaa? eit cc eat Sees. ee) G00 
sachalinenais) Matsiy: ica -c.8 ecm Ase ee ee Mae can O08 
bicorntltn: MSE Tg oars.e ci tee a cetne cies Bote foe? eee es exclaet OOo 


hakcusaneneis HGP) bce vy.cn. salen eae nicl Sana” ae doe 


= 
ow 
4a ies ta ka 


pryeti MT. So. ea eae ease © ee elec stgn OOD 
pubspec, major My... 2 Fe) an meres cee. well Sere eal ae eoe 
leueopters: WHE <<). 3, Gocuinesmieese Sia en eerie bey Seeeeeso. 
WORMAIGL ML. an ah cttbee Seah sie hnien Saw ees see Oe 
striata; May... .c¢ etc Poe cam settee eee Pree ed cit ee OO 
ila earn Nik een A Bp oa Oo ob oq oo mo on oul 

3s save Inet GMO Get ies ee teteh Mae ae ee OS 
pikioensis' "Mayne Ptr feo ie SG) Wa eee ie Oe 
Ge Mra) ae See atl! Gao ca SPN) Gis RRM aga aD 
subspec. mipponensis Nav... <5 12 ws cc Jae «fe wa O00 
” GvOusrth: Nav Sel bee 2a ed aie dh eee ees 


ra 
= 
ees 


5 es 


takenouchii Miy. 


S 
wo 


* macuiata- Ri: SUbEPS 3 <v.y é<. .<0. s¢:.ser ae esemtere BOON 
a quadrimaculata n. subsp. .. -. .. «2 «2 «2 «- 368 
frizonatn Bity: 2 ae Se ek SS See e, See eeeee 
Genracen Vivre: same ae (eels. ck a ae nee re EO 
Gheoutar Muy tes ae oa tae Ak... 6 oe wee wiee te re 
ochraceapenmis) May: fter .< c's, he. ins sell se en, eeu 
TO WASUMMISEEME a Westin tes Uae fee, <aidho. pie’ ict aura, temas 


CaP AMORPOURS) MCls<. 04 cep ad Soc) oss Ge) tee wa. be, Uiewu) pica tele 


bo 
ol 
ee ae oe 


28. Panorpodes paradoxa ML... 2. 62 ee ee ee ee ee te ee 85 
Subspec, stigmatica n. subep, ..... <0 2. «6 os «- «os SIG 

23.°P. Sigs vin) Wem se Worst st gsc we toy. ot eg ake OMe 
3105 1s AcCOTALA TNMs, lag) deeds Osa) wie Se, | sin nape oe De 
HHDEEO. BIO SEIAUENILY. we Gi cs) ns as. we saa: Mem! ele oman 

bpp MAS( CONC Soh gerd ale mmr Poa ee Paes 

i GOnGUSA A BUDED. chose ee vs ne “ea es) aa Oe 

aia PGRN RNAI NES fo crJ-n'g Sib). isk Wisp. sede a oe tage OOD 


GenwsimerpeanGnea Ml, ee Ve ad, S4> GS ea aes, oS. se. ee 


$2; beptopanorpa rilsemae MT, 5. <4 ce ss 0s oe ta ee oe «(SRL 
33. LL. RISMOIST NE et aoa in, ‘sie ce! wa, one, Sabeind, Creme 
ACH CULNGUS MGEETY ytie te sa aa) ae we we es 8 en ou ee OO 
34. “Biltncus mipponiems Navi 2. <s 0s0 3s ce te se ce te oe OS 
Shy) 3+ LMeRCOM NAGS CE SAGE | Ns one) «a4 eau) ais ah eee ee 
36, 
37. 
38. 
39. 


STpMaiey WBMGN SS sais ek vw) toate. em. set ae Spe se ee 
apetemipmactatan Hawks 0. <2 we say Se oe ow ee: OY 
PMS Ty Wend wc eo ce ae 0s 00. vem tah ae) ee 
THAMES Te BDice ait ce we Ee ds ee Se et Soe 


Woo pw 


268 TSUNEKATA MIYAKE: 


Species: insaficiently known) .4..\ <2!) Gwen eure) ee geass tee eet 

40, - Panorpa shageni» Nay, < © 4 SOSn ours ae on ep wiasied epee OeS 
Bostweripty, 2" - 2g ke RLS ee eee ee ee 0 
Literature! referted t6...-shic:. s5\) eaak eel Sele Weel tc) Ane OD 
Explanation of Plates!s5 "52" ac ch,» eeeuce cet Uae? Mees te ee a 


Introduction. 


Of the small order Mecoptera, containing a single family (or two, accord- 
ing to some authors) and a few genera, Japan possesses numerous species. 
While in Europe or in America not more than twenty species are known, 
over forty species have already been described as native to Japan. In each 
case the great majority of the species belong to the genus Panorpa and only 
the remaining few are distributed among other genera. Most of our species 
of Panorpa constitute a peculiar group, as has already been pointed out by 
M‘Lacunay, therefore they were recently included under the new genus Avlops, 
proposed by ENpERLEIN. Besides, many of our species are noted for their 
handsome and striking features, so that a study of them may be of some 
interest to general entomologists. 

This work consists of two parts, general and systematic. The first treats 
of the external and internal structures, habits and life-history; the second 
contains the descriptions of all genera and species, known to occur in Japan, 
including 4 new species and 5 new subspecies, However, there is still a 
number of unexplored spots left in the knowledge of our Mecoptera, which 
will require the efforts of many entomologists to throw light upon, and for 
which reason I hope to continue my studies. 

I beg to express my warmest thanks to Mr. F. Murr, Entomologist to 
the Experiment Station of Honolulu, who kindly assisted me with his valu- 
able advice, during his visit to Japan, notwithstanding that his time was 
very much occupied. To Profs, Sasaxr, IsHIKAWA and Goro I am deeply 
indebted for their supervision and suggestions. To Messers HatTakryAMmA, 
IssHikI and Naxawara thanks are also due for their courtesy in sending me 


some interesting specimens, 


STUDIES ON THE MECOPTERA OF JAPAN. 269 


Part I. GENERAL. 


This part treats of morphology and biology. Of morphology, the 
venations and wing-markings are studied under special headings, since they 
have been the principal criteria in taxonomy for many specialists of this order. 
From the study of venations I have arrived at the conclusion that the peculi- 
arities of venation, pointed out by M‘Lacuran, which characterize most of our 
species, and which were used by ENDERLEIN to erect a new genus, Avlops, have 
in reality no stability, but present a series of transitional stages from the 
typical Panorpa to the typical Aulops, so that the latter genus must be given 
up. From the study of wing-markings I find that, though they are extremely 
variable, there exists a certain typical arrangement peculiar to each species, 
so that if we are acquainted with the range of these variations we can use 
them for taxonomic purposes. I have further extended the study of wing- 
markings into an attempt at the settlement of the phylogeny of each species. 
This of course must be looked upon as only one of the several kinds of 
evidence that could be brought forward for the determination of kinship. 

Under the external structure I have met with facts here and there 
which appear to be peculiar to Japanese forms, and to be interesting 
to general morphology. This is the case with the structures of the male 
genitalia, which in certain species differ considerably from that of the Euro- 
pean or American forms. About the eversible vesicle, which is considered as 
the penis, I am of another opinion. Attention is drawn to the structure of the 
anal part of the male in Panorpa and Panorpodes, and to the internal skele- 
ton of the female in Panorpodes. 

Authorities are not unanimous as to the number of the abdominal seg- 
ments of the male of Panorpa, but it seems to me that nine segments are 
most commonly recognized. I have, however, from the observation of develop- 
ment, proposed in this report ten segments in the male, by counting the 
anal tube and the small modified segment, which bears dorsal and ventral 
appendages, as independent abdominal segments. 

The claws, to which much importance is attached by some authors, are 
treated with comparatively more detail, and it is shown that they are to a 
certain extent available for taxonomy. 
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The internal anatomy of Panorpa is a very intricate and difficult subject, 
and the results arrived at by various authors disagree in many points. In 
this report, however, I only intend to give the general account of the internal 
organs, and such disputed parts will be almost left untouched. Of course 
my studies tended to those points, but until now without satisfactory results ; 
the exact investigation of them would take a great deal of time. 

The structure of the proventriculus is studied rather in detail, from which 
we can conclude that the peculiar feature of the proventriculus represented in 
Panorpa oceurs similarly in Panorpodes and Bittacus, 

I have already published a paper* on the habits and life-history of 
Panorpa klugi, so that in this report a brief and general account and supple- 
mentary facts only are given. Of Panorpodes and Sittacus explanations are 
made rather in detail because the Japanese species of these are described for 
the first time. Along with those the egg of Bittacus is described, which the 


writer recently succeeded in obtaining. 


I. External Structure. 
1. Heap. 


The head of insects of this order is characterized by the prolongation 
of its anterior part into a beak. This beak is formed by the elongation of 
part of the head-capsule and the clypeus and labrum (see Pl. XXVIIL., figs. 
1-6). It is possible that the lateral portion may also contain a portion of 
the base of the mandibles. The development of these parts can be plainly 
seen in text-figure 1, where a shows a view of the head of the larva of Panorpa. 
A suture, in which the two tentorial invaginations are situated, divides the 
labrum from the head-capsule ; the labrum is divided by a transverse suture 
into the postelypeus (c.) and anteclypeus (c’.), the labium is somewhat bilobed. 
The mandibles are articulated to the head—capsule in the normal position, 
between the clypeus and maxille; the maxille and labium are normal. In 
the head of the pupa of Panorpa (b) these parts are all very distinct, the 


basal portions of clypeus, maxille and labium, together with the genal 


* Journ. Coll. Agr. Imp. Univ. Tokyo, vol, iv., No. 2, pp. 117-139, pls, xiii-xiv (1912). 
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Text-figure 1.—Head (xabout 9): a, Punorpt (larva) ; b, do. (pupa); e, Panorpodes ; d, Bittacus ; 
e, Panorpa ; c., postclypeus ; c’., anteclypeus ; g.r., genal region ; /., labrum; m., mandible; s., suture. 


region* (g.7.) of the head-capsule, have greatly elongated and the mandibles 
earried forward. In the adult (e) this line of development is carried much 
further and we have a long beak, with mandible situated near the apex. In 
the adult of Panorpodes (c) we have a stage between the pupa and adult of 
Panorpa which shows the line of development. In Bittacus (d) the basal por- 
tions are not so greatly developed, but the anteclypeus is much longer in 
proportion, as are the mandibles, 

The epicranium, as in most insects, is convex, and bears very large 
compound eyes (Pl. XXVIII, figs. 1-6, e.). Between the eyes there are three 
ocelli situated on the raised ocellar triangle (oc.). Anteriorly from them 
rise the antennae, which are long, slender and many jointed. They are 
filifrom in .Bittacus and submoniliform in Panorpa and Panorpodes (see figs. 
19, 20, 21), and inserted in large foramina (figs. 1, 3,5, af). The number 
of joints of antennae are different not only in the three genera, but also 
in the different species and individuals. In certain species of Panorpa there 
are 43-52 joints and in Panorpodes 43-47. In Bittacus I could count 16, 18, 


* ‘Though it is almost certain that the region is an elongated portion of the gena, I had formerly 
some slight doubt about it. As can be seen from Pl. XXVIII, figs. 1-6 and text-figure 1, the portion 
is separated from the epicranium by a distinct suture s. If one looks on the portion as a joint, 
it can no longer be considered as a part of the gena; it must be considered as a portion of the 
mandible, This seems not to be extraordinarily unnatural if one compares text figure 1 a and 
b, admitting the mandible (m.) of a to correspond to the portion g.r.+m. If this be the fact, the 
region (g.r.) in question should be considered as a portion belonging to the mandible—the so-called 
‘basal piece’ and would at the same time confirm the statements of Woop-Mason, CHarry and 
Saar, who consider the mandibles jointed appendages, in spite of the fact that they are general- 
ly regarded as a single piece, 


272 TSUNEKATA MIYAKE: 


19, 20 joints, although the actual number can ke one or two more or less than 
these, since the terminal joints are fused together and very hard to distin- 
euish. The basal joint in Panorpa and Panorpodes and the basal two joints 
in Bittacus are conspicuously larger than the others. In Panorpa and 
Panorpodes each joint bears bristles and hairs; a certain number of conspi- 
cuous bristles are situated radially around the anterior end of each joint, 
which can be seen laterally in pairs in each joint. The terminal joints in 
Panorpa and Panorpodes do not greatly differ from the remaining joints, so 
that the antenna is abruptly ended at the apex. In Bittacus, however, the 
terminal joints become very slender, so that the hairs on them are very 
conspicuous and the last joint ends in a tuft of hairs from which it can hardly 
be distinguished (see Pl. XXVIII., fig. 21b). 
a. Mouth-parts. 

As above stated, the labrum can be seen at the sides of the anteclypeus. 
In Panorpa, the latter is of a triangular form with the apex round (PI. 
XXVIII, fig. 10, c’.). It is divided by two longitudinal, anteriorly converg- 
ing ridges into three—one central, two lateral—regions. The latter two regions 
are the labrum (/.). They are constricted at a spot about one-third from 
the apex, which gives to the labrum the appearance of another additional 
portion, so that one might imagine that portion to be the true labrum. The 
margins and the above stated ridges are fringed with numerous hairs. In 
Panorpodes the anteclypeus is of a high trapezoidal form and the labrum 
appears as a rather narrow, apical, marginal portion, which has at the middle 
a small sinuation (Pl, XXVIII., fig. 11,/.). In Bittacus the anteclypeus is 
very narrow and spatulate, and ends rather acutely at the apex. The labrum is 
very probably the marginal region of the same and is continuous to the margin 
of the postelypeus (Pl. XXVIII, fig. 12,7.). The mandibles (Pl. XXVIII, 
fics. 7, 8, 9, m.) are hinged to the dorsal plate of the beak at the juncture of 
the ante- and post-clypeus, and their lengths almost correspond to that of the 
anteclypeus. They are rather small and slender and can cross with each other 
freely. They are relatively longest in Bittacus, in which each is armed with a 
single sharp tooth. Next comes that of Panorpa, in which there are two teeth. 
Panorpodes has the shortest mandibles, which are dilated towards the apex and 


are furnished with one rather sharp, and another very small tooth. The maxil- 
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lae (Pl. XXVIII, figs. 16,17, 18, mz.) are rather complex. Each cardo (ca.) 
is a somewhat triangular piece and is articulated to the post-gena (pgq.) at the 
base of the beak (see Pl. XXVIII, figs. 2, 4,6). The stipites (st.) are slender 
pieces laterally bordering the submentum (sw.), forming with it the underside 
of the beak; their comparative lengths differ in the three genera ; in Panorpa 
they are longest, in Panorpodes shorter and in Bittacus shortest (see PI. 
XXVIII, figs. 2, 4,6). The lacinia (/a.) and galea (ga.) are, broadly speaking, 
represented by the form of two lobes, each lobe being very complex in structure. 
The inner lobe, that corresponds to the lacinia, is composed of the ciliated 
membranous ground-body framed with three chitinous supports (Pl. XXVIII, 
figs. 16, 17, 18, la,., la,., la;.), of which the outwardly situated one (la,.) is 
stout and dilated towards the apex. Both outer and inner edges of the lobe 
are provided with a row of bristles, of which the inner one is specially arranged 
in a manner peculiar to each genus. In Bittacus the internal support (/a;.) is 
inconspicuous, The outer lobe, that corresponds to the galea, is composed of 
two chitinous supports, of which the outer one (ga,.) is the larger, and dilated 
at the apex. The inner support (ga,.) is very strange in structure, as it 
originates from the root of the inner lobe and fuses together with the outer 
support just mentioned. In Bittacus these two supports appear to be a single 
mass. The margins of the lobe are also fringed with hairs. Both the outer 
and inner lobes are decorated with beautiful tufts of hairs on the apex, which 
appear like the leaves of a palm-tree. The maxillary palpus (mz. p.) is 
very conspicuous and five-jointed. The palpi of both sides diverge from 
each other in Panorpa, run along the beak parallel in Bittacus, and are 
usually concave within in Panorpodes, ~The minute construction of the palpus 
is, however, different in the three genera. In Panorpa each joint is stout, 
slightly dilated towards the apex and almost equal in size except the basal 
second, which is slightly shorter on account of the presence of another 
small jointlet (Pl. XXVIII, fig. 16, 7.) before it. If one takes this joint into 
consideration the maxillary palpus of Panorpa must have six joints. In Panor- 
podes the terminal three joints are subequal, the last largest of all, while the 
basal two taken together are equal to one of the others. Of these latter joints 
the basal second (j.) is very small, just like the extra-joint (Pl. XX VIL, fig. 16, 


j.) of Panorpa, so that if one does not count this as a true joint Panorpodes 
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has four maxillary palpal joints. In Bittacus the basal two are exceedingly 
small while the third is the largest of all, the fourth and fifth are moderate 
and subequal. The labial palpus (Pl. XXVIII, figs. 18, 14, 15, J. p.) is 
very conspicuous, consisting of two joints.* In Panorpa and Panorpodes 
they are similarly constructed, the first joint densely ciliated with the 
exception of the basal piece (bas. p.), which is triangular in shape and of a 
thick chitinous texture. In Bittacus the basal piece is entirely absent and 
the two joints are similary constructed, with rather few hairs, and far more 
slender than in the other two genera. To the palpus follows the palpiger 
(pgv.), Which is bifid at the apex and is armed with some long bristles. In 
Panorpa the bristles are very scarce and a pair of very conspicuous setae 
are found on the side. The next portion which follows the ligula should be 
the mentum and submentum (Pl. XXVIII, figs. 2, 4, 6, 13, 14, 15, men.; sub.). 
The boundary of the two portions are not clearly defined, still there exists an 
inconspicuous transverse line (see figs. 3, 4, 5, 13), which I have adopted as a 
landmark in distinguishing the two portions. If this be correct the mentum 
is very short and the submentum very long, so that the greater portion of the 
underside of the beak can be said to be constructed mainly of the latter. The 
hypopharynx is a very small hollow body, different in shape in the three 
genera, It is situated near the articulation of mandibles to the head, rather 
anterior in position in the beak. In Panorpa (Pl. XXIX., fig. 7), the hollow- 
ness is very slight; it is only slightly concave dorsally, just like the apex of 
a spoon. The entire surface is densely covered with hairs which are very 
long at the apex. The lateral edges near the base are margined with a short 
narrow chitinous plate, deprived of hairs. The hypopharynx of Panorpodes 
(Pl. XXIX., fig. 8) is pouch-form, just like the hood of a caps, consisting of 
two triangular lobes, of which two edges are fused together. Dorsally it is 
entirely open, The anterior edge is fringed with thick hairs. Bittacus has the 
elongate bottle-like hypopharynx (Pl. XXIX., fig. 9), presenting an elliptical 
aperture on the dorsal side near the base. The entire surface is rather scantily 
haired, except the apex and the conspicuous median edge, which are covered 
with a few short hairs, 


* Westwoop and M‘Lacuian propose 4 joints, Even if the chitinous basal piece be taken 
as an independent joint we can count only three joints, 
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2. ‘Trorax. 


The thorax consists of three segments: pro-, meso- and meta-thorax. 
The prothorax (pro.) is very small; its notum, the largest part, is a single 
plate, divided by some transverse lines into the four regions— praescutum (sc,.), 
scutum (se,.), scutellum (se;.) and postscutellum (sc,.) (see Pl. XXIX., figs. 1, 
2, 3). The pleuron is very small; the episternum (es.) is a slender chitinous 
bow situated obliquely on the membranous part of the neck; the epimeron 
(em.) is a small triangular plate found near the lateral extremity of the notum, 
and is connected with the episternum by its ventrally directed end. The 
sternum is a longitudinal linear piece, smallest of all, situated ventrally be- 
tween the coxae. The mesothorax (meso.) is a large mass; it is divided 
posteriorly by a transverse line into two portions. The anterior portion is 
far larger than the other and consists of four parts—anterior part (praescutum, 
sc,.), two lateral parts (scutum, sc,.) and posterior part (scutellum, sc;.). The 
posterior portion is very short and composed of a single mass, the postscutellum 
(scy.) (see Pl. XXIX., figs. 1, 2, 3). The pleuron is of considerable dimen- 
sion and bears a pair of fore wings and a small round patagium (p.); the 
episternum (es.) and epimeron (em.) are large, elongate sclerites. ‘To the 
former the large elongate coxa (cv.) is attached and to the latter a large 
supporting piece, which is known by the name of meron or trochantine (me.) 
(see Pl. XXIX., figs. 4, 5, 6). The sternum is continuous with the pleuron and 
represents a t-formed chitinous ridge. Between the pro- and meso-thorax 
there is a pair of spiracles (sp.). The metathorax (meta.) is almost similarly 
constructed as the mesothorax. Between the two segments there is a second 
pair of spiracles (see Pl. XXIX., figs. 1-6, sp.). 

a, Legs, 

The legs are slender, composed of coxa (cx.), trochanter (¢7.), femur (/*), 
tibia (tb.) and tarsus (ts.) (see Pl. XXIX., figs. 4, 5, 6, 10, 11, 12). As 
already stated there is another piece along the coxa called meron (me.). In 
Bittacus the legs are so slender that they look very much like those of a 
crane-fly. The tibia bears two conspicuous apical spurs (fig. 11, spw.), which 
are especially long in Bittacus (see fig. 10, spv.). The tarsus is five-jointed, 
the last joint of which bears a pair of claws in Panorpa and Panorpodes, and 


a single claw in Bittacus; in the former case there is a pulvillus (pw.) between 
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the claws. The claws of Bittacus and Panorpodes are simple and not pecti- 
nate (Pl. XXIX., fig. 12 a; text-fig. 2, y) while those of Panorpa are highly 
pectinate (text-fig, 2, a-x). As the claws in Panorpa are very variable in 
form, some authors paid attention to them for taxonomic purposes; RAMBUR 
attached considerable importance to the number of teeth. However, the number 
is never fixed in a species, as it may differ in individuals of the same species 
or be equal in different species. Recently ENDERLEIN utilized the morphology 
of the claws as one of the generic characters in distinguishing his new 
genus Aulops from the old genus Panorpa, saying of the claws of Panorpa 
“fast auf der ganzen Unterseite gezihnt,’ while for Awlops “ Klauen nur in 
der Basis gezihnt.’ Though by the form of claws the genera Panorpa, 
Panorpodes and Bittacus are distinguished, we can never separate the two 
genera Aulops and Panorpa by the above stated character. Indeed the pecu- 
liarities noticed by ENDERLEIN occur in both genera. However, as is explained 
later, Aulops is in many respects very doubtful for its generic value. But if 
the morphology of the claws does not hold good in that case, we see, at any 
rate, it is of great use in distinguishing the other genera. My own observa- 
tions lead to the conclusion that the morphology of the claws for specific pur- 
poses is never without use, though it cannot be considered as a fixed chara- 
cter for each species, being often subjected to much variation. For that 
reason I have recorded in the systematic part the morphology of the claws 
as one of the supplementary characters. 

Speaking generally, the claw of Panorpa is a comb, dorsally with a 
curved main body, which bears ventrally many elongated teeth (see text-fig. 
2, a-x). Of the curvature of the dorsal body, and the forms and number of 
teeth I have made the following observation :— 

1. Dorsal body strongly curved, as in 

gokuensis, japonica, rectifasciata, wormaldt, striata, klugi, trizon- 
ata, ochracea, ochraceopennis, lewist, ete. 

Or less strongly curved, as in 
cornigera, communis, arakavae, pulchra, bicornuta, hakusanensis, 
pryeri, leucoptera, multifasciaria, takenouchii, nikkoensis, obscura, ete. 

2. Apex of dorsal body produced over the teeth, as in 

cornigera, communis, arakavae, japonica, pulchra, bicornuta, 
hakusanensis, leucoptera, striata, nikkoensis, obscura (scarcely), ete. 
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Text-figure 2.—left-side claw of the left fore leg. x 86. 
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a, Panorpa cornigera. b, P. communis. ce, P. gokaensis. d, LP. arakavae, 

e, P. japonica. f, P. pulchra. g, P. pulchra. h, P. rectifasciata, 
i, P. bicornuta. j, LP. hakusanensis. k, P. pryeri. 1, P. leucoptera. 

m, P. wormaldi. n, P. multifasciaria. 0, P. trizonata. p, P. takenouchii, gf. 
q, P. talcenouchii, 2. r, P. nikkoensis, s, P. striata. t; Ps ielugu. 


u, P. ochraceopennis. v, P. obscura. w, P. lewisi. x, P. ochracea. 


y, P. Panorpodes paradowxa. 
Or produced only as long as the teeth, as in 


gokaensis, rectifasciata, pryeri, wormaldi, multifasciaria, take- 


nouchit, klugi.* 


3. Each claw may bear four prominent teeth (excluding one or two 


small basal teeth and the apex of main body itself), as in 


cornigera, communis, gokaensis, arakavae, pulchrat, bicornuta, 


hakusanensis, pryeri, leucoptera, wormaldi, multifasciaria, takeno- 


uchit, nikkoensis, klugi, ete, 


* Frequently produced over the teeth, 
{~ Three or four occur in this species, 
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Or may bear three teeth, as in 
japonica, pulchra,* vrectifasciata, striata, trizonata, ochracea, 
obscura, ochraceopennis, lewisi, ete. 

4, Apices of teeth are usually sharply pointed, but in certain species 

such as ochraceopennis, ochracea, lewisi, etc., they are blunt. | 

These above stated facts, however, are subject to much variation and 
eannot be looked upon as fixed characters, though in widely separated species 
they may often be of great use to the systematic worker. 

Further, the claws are variable even in legs of the same individual as 
well as in the right and left of the same leg. 

The legs of Panorpa and Panorpodes are fitted for walking or resting 
on a leaf, while that of Bittacus are adapted for catching other insects, 
Besides, they are used in hanging down from a twig or a leaf. For this 
reason, the fourth and fifth joints of the tarsus are furnished with a row of 
specially formed teeth along the internal margin (Pl. XXIX., fig. 12 a, 12 b). 
The teeth of the fourth tarsal joint are each of ovate form so that the margin 
of joint becomes crenate (fig. 12 b). The teeth of the fifth joint are each of a 
triangular shape, with the base outermost, forming the internal margin of 
the joint, so that it appears entire and very sharp, like the edge of a sword 
(fig. 12 a). The number of these teeth are not fixed; they may vary in in- 
dividuals of the same species as well as in legs of the same individual. In 
one specimen of JDittacus nipponicus, the fourth joint contained 32 and the 
fifth 15 teeth, and in another case the former 30 and the latter 25. 

b. Wings. 

Typically, there are two pairs of wings—the fore and hind wings. They 
are membranous, naked, long and narrow, with moderate reticulation. The 
fore pair is slightly longer than the hind one, which is, in repose, covered by 
the former, and the two are carried on the body nearly longitudinally. Most 
species of Panorpa, and a few of Panorpodes and Bittacus bear some black 
markings consisting of fasciae or spots. The peculiarities of the venation of 
wings and arrangement of wing-markings are explained in detail under their 


own headings. 


* Three or four occur in this species. 
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3. ABDOMEN. 


The abdomen is elongate, conico-cylindrical in Panorpa and Panorpodes 
and cylindrical in Bittacus, and is composed of ten segments. In the male 
of Panorpa and Panorpodes formerly eight abdominal segments were given 
and at present, so far as I know, many authors seem to agree in recognizing 
nine segments ; in Bittacus however, ten segments are usually counted. I am 
of the opinion that ten segments are present in the males of Panorpa, 
Panorpodes and Bittacus as in the females of them. The reason will be ex- 
plained further on. 

The first abdominal segment in these three genera is very small and 
fused with the postseutellum of the metathorax, so that it appears to con- 
stitute a single piece with this, from which, however, it can be distinguished 
by a transverse line. It consists chiefly of notum and pleural membranes. 
The former is a transversely placed chitinous bow and the latter are small 
triangular membranes laterally placed, which bear a pair of conspicuous 
spiracles (first abdominal spiracle). The sternum is almost invisible, and 
consists of a pair of very narrow transverse chitinous pieces. Owing to this 
modification the segment was formerly overlooked and in that time eight 
segments only were recognized in the male.* The second segment is cylin- 
drical, composed of notum, sternum and pleural membranes, which bear a pair 
of spiracles (second abdominal spiracle) (see Pl. XXIX., figs. 16-21). In 
Panorpa and Panorpodes this segment is rather short, while in Dittacus it is 
moderately long. The third abdominal segment is almost similarly constructed 
as the second, but in the majority of males of our species of Panorpa, the notum 
is more or less posteriorly produced in the middle. In Panorpa klugi, P. japo- 
nica, ete. this production is rather short and broad, and covers only the 
anterior portion of the fourth segment, while in P. takenouchii and P, sau- 
teri it is produced to a ereat extent, in the former reaching the eighth 
seoment and in the latter the sixth. In takenouchii it is tube-form, the ventral 
side being densely fringed with long hairs (Pl. XXIX., fig. 15), In P. 
klugi, ete., the ventral surface of the dilated portion is also densely covered 
with hairs (see Pl. XXX., figs. 11 b, 11 ¢). The fourth segment is almost like 


* Of course nine segments were recognized in the female. 
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the preceding one (it is somewhat conical in the female of Bittacus when the 
eges are ripe). In the male of those species which bear the posterior lobe 
on the third abdominal segment, there is a small projection near the anterior 
margin of the fourth, corresponding to the dilated portion of the former seg- 
ment and concealed under it (Pl. XXX., fig. lla). The projection is, in 
takenouchii, placed rather near the posterior margin; it is also covered with 
long hairs, As these organs are entirely wanting in females it would very 
probably be of a secondary sexual character; according to FELT it secretes 
“a volatile oil attractive to the female.” The fifth is like the preceding, 
The subsequent segments differ in the two sexes, 

Male :—In Panorp2 the sixth segment is cylindrical and far longer than 
the preceding. It is uniformly of a chitinous structure so that the distinction 
of notum, sternum and pleural membrane is entirely obscured. In cornigera, 
galloisi, gokaensis and arakavae there is a short process at the posterior 
margin (Pl. XXIX., fig. 14a), which comes closely in contact with the seventh 
segment when the latter is erected, where there exists a median depression 
to receive the process. (The depression is indicated with x in Pl. XXIX., 
fig. 14b). As this construction is also only found in males it would possibly 
be of secondary sexual character. ‘The first eight segments bear spiracles, 
which together with the two on the thorax, makes ten pair in the three genera. 
The eighth is similar to the preceding segment, but more slender and com- 
monly narrowed at the base. Next to this segment there is an intermediate 
portion forming the dorsal and ventral appendages* (Pl. XXIX., figs. 18, 
ix., Pl. XXX., fig. 10). The dorsal appendage is in most species almost 
similarly formed; it is a long, densely ciliated, chitinous plate with a round 
apex (Pl. XXX., figs. 5a; 10, d.ap). In cornigera, however, it is deeply 
sinuate in the middle, so that it presents the form of an U (Pl. XXX., fig. 
13b). In wormaldi the apex is slightly sinuate (Pl. XXX., fig. 21). The 
ventral appendaget (v. ap.) is a forked plate, with a stalk and two branches and 
far larger than the dorsal appendage. It is very variable in shape, which is 


in certain cases peculiar to species, so that most systematists pay special atten- 


* As the insect usually bends up its abdominal extremity the dorsal appendage is situated 
ventrally and the ventral one dorsally. 
{ ‘Some authors call the dorsal appendage “ gonopoda,” 
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tion to it. Thus, for example, in japonica the stalk is rather long, with two 
branches diverged outwardly forming a Y; in klugi the branches are slightly 
longer and are converged towards the apex; in cornigera the stalk is 
very short and the branches are almost parallel with each other. These and 
many other forms are respectively described in the systematic part. The above 
stated dorsal and ventral appendages constitute together a single sclerite, so 
that we can separate it as a single piece form the other segments (Pl. XXX., 
fig. 10). As in the pupal stage this portion is very conspicuous, and repre- 
sents the same dimensions as the other segments, I am of the opinion that, 
though in imago it is rather obsolete, it represents the true ninth segment 
and, of course, it still constitutes an independent segment. Under the dorsal 
appendage there is a slightly narrower and shorter tube, ventrally furnished 
with a hairless, chitinous plate (Pl. XXX., fig. 5b, c. pl.). This tube bears a 
pair of cerci (cer.) with a few hairs on the apex, stretching out laterally beyond 
the sides of the dorsal append- 
age, so as to be visible when 
viewed dorsally (see PI. 
XXX., fig. 5a). This tube 
encloses a still smaller tube 


which is usually telescoped 


Text-figure 3—Last abdominal segments (x about 7): into the former. It bears an 


a, Panorpa (pupa); b, Panorpa (adult); c, Biltacus; vm opening (fig. 5b, a.) at the 
~-X. number of abdominal sgements; p.g., pedes genitales, extremity with crenate mar- 
gin, which is the anus. This inner tube is usually covered with rather long 
hairs. The portion of body, consisting of these two tubes on which lies the 
anus, should be considered as the tenth segment, though it is rather incons- 
picuous in adult insects. In the pupal stage it is more prominent than in 
imago. If my assumption be admitted, the next large segment (cheliferous 
segment), that forms the basal portion of the forceps, should be looked upon 
as the additional genital segment, to which Krdpatrx gives the name of 
pedes genitales. It is usually very stout and conceals the genitalia, which are 
covered by the ventral appendage of the ninth sezment. This way of orienta- 
tion appears to be more reasonable when we compare Panorpa and the other 


two genera, Panorpodes and Bittacus, in which most authors recognize nine 
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segments in the former and ten in the latter, taking moreover the above 
stated additional segment wrongly as the ninth. This consideration of mine 
seems to agree, to a certain extent, with the statement of KiApateK, but I am 


not certain whether his conclusion was based on the result of development. 


These points are demonstrated in text-figure 3. The additional genital segment — 


is bilobed towards the extremity and bears forceps or chelae (Pl. XXX., figs. 
1-4), which are inwardly curved, strong, chitinous bodies bearing an indenta- 
tion or elevation on the internal edges. The chelae constitute in the imago 
the special joints and are articulated to the genital segment, but in the pupal 
stage they form a single portion with the latter, so that the differentiation 
must have occurred for the first time at the beginning of the imaginal stage. 

In Panorpodes, the sixth segment is similar in size and shape to the 
fifth, so that there are pleural membranes present, whereas in Panorpa the 
fifth is shorter than the sixth and the plural membranes are absent. The 
seventh is slightly shorter than the preceding, and the region where the 
pleural membrane should appear is indicated by a longitudinal line. The 
eighth segment is much smaller and obliquely truncate. ‘These three seg- 
ments are gradually narrowed. ‘The ninth segment is represented by the 
dorsal and ventral appendages as in Panorpa. The dorsal appendage (PI. 
XXXL. fig. 8 b) is almost like that of Panorpa, but the apex is slightly 
sinuate in the middle. The ventral appendage (Pl. XXXI., fig. 8 a) is very 
conspicuous, its branches moderately curved, bearing on their apices each a 
dentate chitinous triangular plate. The tenth (anal tube) (Pl. XXXI., figs. 
5 a, 5 b) under the dorsal appendage is very short, membranous, the cerci are 
very short, stout and covered with hairs. The internal tube is like that of 
Panorpa very small and hairy, with the apex crenate. The additional genital 
segment that forms the basal portion of the foreeps is very large and stout, 
while the chelae are very short and small, In the general construction there 
is no great difference between Panorpa and Panorpodes. 

In Bittacus the sixth segment is shorter than the fifth and conico-eylin- 
drical, the seventh still shorter, thickened towards the extremity, the eighth 
still more short. These three segments, like the preceding, consist of three 
parts, viz. notum, sternum and pleural membranes. The ninth and tenth are 


well modified. Of the former, the sternal half only is developed to constitute the 
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segment, the notal half forming a very broad dorsal appendage (Pl. XXXI., 
figs. 3, 4, d. ap.), the form of which is variable in species and is used for 
taxonomic purposes. This may be homologous to the dorsal appendage of 
the other two genera. Within the appendage near the base there is a cylin- 
drical body, corresponding to the tenth segment, on which lies the anus (PI. 
XXXL, figs. 3, 4, 6, a.) The ninth body-segment has posteriorly a conspi- 
cuous uncus variable in species (figs. 3, 4, w.). Still posterior to the ninth 
segment there is the additional segment, which bears the genitalia, as in 
Panorpa and Panorpodes. In order to explain more in detail I will describe 
that of Bittacus nipponicus. In this species the uncus on the ninth (Pl. XXXI., 
figs. 3, 4, wn.) isa long chitinous rod, attenuate at the apex, where it is armed 
with hairs. Near the apex it bears a pair of short lateral arms with many 
hairs, so that the entire rod appears like a cross. At the posterior basal side 
of the uncus two lateral appendages (/. ap.) arise, which are rather slender 
rods with some ciliation. Between these there occurs in the middle an 
unpaired middle appendage (m. ap.), which is very slender and attenuate 
towards the apex. The additional segment bears on its dorsum a flat hair- 
less chitinous Y-shaped plate (Pl. XXXI., figs. 3a, 3.¢, 4, p. p.),* from the 
base of which, through the median axis, there arises a filiform chitinous fila- 
ment, which is extended dorsally beyond the appendage, and the terminal 
portion is usually coiled up like the proboscis of a butterfly. The homology 
of these portions can be seen in text-figure 3 (page 281). 

In conclusion I may say, that my recognition of ten segments in Panorpa, 
Panorpodes and Bittacus appears more reasonable when we compare them 
with one another. 

Female :—The sixth abdominal segment in Panorpa and Panorpodes is 
conico-cylindrical, and in the latter genus it is twice the length of the fifth. 
In Bittacus it is cylindrical. The seventh to the tenth in Panorpa and Panor- 
podes ave cylindrical and more slender than the sixth and the greater portion 
of each segment is telescoped into its preceding segment (Pl. XXIX., figs, 
7, 9). In Bittacus the seventh is almost similar to the sixth, the eighth very 
short, ninth and tenth still shorter, each telescoped into its preceding segment 
(Pl. XXIX., fig. 21). The seventh and eighth in Panorpa are composed of 


* “«Tnner harpe” of FE.r. 
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notum, sternum and pleural membranes which connect them, and in the latter 
there lies in each segment a pair of elongate chitinous plates (see Pl. XXIX., 
fig 7 b). In Panorpodes the two segments are membranous and _ posteriorly 
dilated, and each segment is framed by three dorsal, one lateral, and two 
ventral, longitudinal chitinous stripes (fig. 19). The ninth segment of 
Panorpa is peculiarly constructed. The sternal portion* is free from the 
dorsal portion of the segment and attached to it only anteriorly by a mem- 
brane (Pl. XXX., fig. 6, s.p.). It is subtriangular in form, composed of two 
spindle-shaped plates which are connected by a membrane (Pl. XXX., fig. 
8). The notum of the ninth segment alone constitutes the segment, the 
pleural membranes forming the ventral floor (Pl. XXX., fig. 6, 1X). In 
Panorpodes the ninth is far smaller, membranous, and supported by two 
dorsal and two ventral chitinous stripes (Pl. XXTIX., fig. 19). In Bittacus 
the ninth is conico-cylindrical, and on the ventral surface there are two 
subtriangular hairy plates meeting posteriorly along the median line, and 
partly overlap the ventral portion of the segment (Pl. XXXI., fig. 2 
tv. p.).t The tenth segment in Panorpa consists of two joints ; the basal true 
joint is an entirely chitinous, cylindrical body, which is followed by the mem- 
branous joint. This latter joint bears dorsally a forked appendage, which 
consists of the basal portion (Pl. XXX., figs. 6, 7 a, 7 b.) and the paired, two- 
jointed branches (a.b7.). Ventrally there is a small chitinous plate covered 
with hairs (fig. 6, s. ¢.). Posteriorly opens the anus (a.) which is sur- 
rounded by rows of hairs. In Panorpodes the tenth segment consists of two 
membranous, conico-cylindrical joints, of which the latter bears a two-jointed 
appendage (a. b7.), which is far smaller than that of Panorpa and does not 
possess the basal portion (see Pl. XXXI., fig. 9b). In Bittacus the tenth is 
composed likewise of two joints, of which the terminal one bears laterally a 
pair of solid seta-form appendages (Pl. XXXL, fig. 2, a. br.) which are armed 
with specially formed hairs, the base of each being furnished with a cup-like 
envelope (see Pl. XXXI., fig. 2, a. br., figs. 6, 7). Such hairs were not found 
on the appendages of Panorpa and Panorpodes. The anus (fig. 2, a.) is 
situated posteriorly and is covered by a dorsal and a ventral plate (v. p.), 


* Some authors call this “subgenital plate.” 
+ To this some authors give the term ‘“subgenital plate.” 
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of which the former has a slightly sinuated margin. 

I found seven pairs of the abdominal spiracles in Panorpa, six pairs in 
Panorpodes, and eight pairs in Bittacus, 

The general appearance of the abdomen of the female varies somewhat 
according to the degree of maturation of the eggs. 

a. Genitalia. 

The investigation of genitalia in Panorpidae is undoubtedly very difficult, 
because the results given by the various authors do not agree, even in the 
principal parts. The most detailed work on the subject is possibly that of 
Srirz, who made his studies on Panorpa communis, Boreus and Bittacus. 
Though in the anatomy of the internal organs there is no great difference 
between communis and most of our species, the external morphology of geni- 
talia is in both widely separated—indeed it varies in many ways even 
amongst our species. 

The male genitalia:—In Panorpa klugi, there is an oval, membranous 
region under the ventral appendage of the cheliferous segment of the male. 
If one presses the segment laterally there evaginates a yellowish five-lobed 
vesicle—anterior* two lobes, large and well differentiated, the middle one 
oval and the posterior two small (Pl. XXX., fig. 1, v.). The posterior lobes 
bear a pair of slender, linear, chitinous unci (wz.) at their sides. Posteri- 
orly to the lobes, between the unci just mentioned, there arises a pair of 
pyramidal chitinous harpest (/av.) uniting tightly along the body axis so 
that they appear like a single pyramid with a broader base. Each harpe 
has elevated ridges and the apex is slightly truncate and bears a small in- 
dentation, Dorsal to these harpes there is a solid chitinous pyramid (c, 
py.), With three angles at the apex. Lateral of the pyramid, firmly rooted on 
a chitinous plate, there arise a pair of appendages (/. ap.), which are 
linear, chitinous stripes, dilated at the apex, where they appear membranous. 
Between the appendages there is a pair of vesicular bodies (c. v. b.) with 
much dilated apex, which contain a number of hairs. The dilated portions 


bend towards the body axis and are almost in contact with each other. All 


* Attention is called to the fact that the figure, for convenience sake, is drawn in a contrary 
direction, 
+ These correspond to the “ blattartige Anhiinge” of Srrrz in Panorpa communis. 


286 TSUNEKATA MIYAKE : 


these parts mentioned constitute, so to say, a single mass and are situated at 
the middle of the cheliferous segment, between the bases of the chelae. The 
mass is internally supported by an U-shaped chitinous internal skeleton (7. s.), the 
lateral arms of which run along the sides of the mass and join the chitinous 
plate, situated at the base of the lateral appendages already mentioned. 

Now the question arises, which of these bodies is properly to be consi- 
dered as the penis? To this question only a few of the many investigators 
of the reproductive system of Panorpa give a definite answer.* DEGEER 
thought the above stated eversible vesicle to be the penis, saying “ Druckt 
man den Knoten von oben, so tritt ein kleiner, langlich ovaler, hautiger Teil 
hervor, der mit einer Art Kopf endigt, welcher aus einer an der Wurzel der 
Zange liegenden Offnung heraustritt, unstreitig der Geschlechtsteil des Mann- 
chens.” + Even the authority Srrrz, if my understanding of him be cor- 
rect, thought the same vesicle to be the penis, as he says: ‘“ Die beiden 
seitlich yom Septum liegenden Hohlriume enthalten jeder ein Gebilde, das, 
seinem Bau nach zu schliessen, ausstulpbar sein muss, also als Penis bezeich- 
net werden kann.” + Brants, on the contrary, did not detect the penis in 
Panorpa, saying: “Ich habe indessen von einem Penis, der durch Muskeln 
beweet wird, nichts entdecken konnen....Es konnte auch moglich sein, dass 
bei Panorpa kein Penis notwendig ist, da die Kinrichtung in der Zange 
derartig ist, dass in derselben zwischen dem weissen Korper und dem Darm 
ein leerer Raum bleibt, gross genug, dass das Weibchen das Aussenende 
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seines Korpers hineinbringen kann. 

Lorw, who worked on the internal organ minutely, did not explain the 
external parts. FELT, who has figured the genitalia of Panorpa and Bittacus 
in the plate accompanying his work, did not give a detailed explanation of 
each part. To make the question clear it undoubtedly requires a careful in- 
vestigation, both anatomical and embryological. However, from the observation 
of copulation, I can say that all the parts already described, except the eversible 


vesicle, just referred to, should be considered as the copulatory organ of the male, 


* In the following quotation KiAparmex’s paper is omitted, as I could not read Bohemian, 
in which it is written. 

+ I follow Srrrz’s quotation in Zool. Jahrbuch. anat. Bd, 26 (1906), p. 538. 

t le. p. 548. 

§ Le. p. 536 (Srrrz’s quotation). 
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since in pairing almost all these parts seem to be put into the female sexual 
opening of the ninth segment, the sternal division of that segment of the 
female, at that moment, being deeply protruded 
under the dorsal appendage of the male (see 
the text-figure), (During copulation the male 
constantly moves the dorsal appendage.) -The 
greater portion of the eversible vesicle, which 
was thought by many authors to be the penis, 
does not penetrate into the opening, but protrudes 
posteriorly, so as to press the abdominal extremi- 


ty of the female in such a manner as to cause 


it to bend upward nearly at right angle to the 
Text-figure 4,—Last abdominal Test of the abdomen (see text-figure 4, v.). 
segments of the two sexes in copula- Jt js therefore certain that the vesicle is not the 
tion (Panorpa klugi). x about 9. iinelpanse 
The genitalia of cornigera* (Pl. XXX., fig. 2) are quite different from 
that of klugi and nearer allied to the European forms, In it the unci (un.) 
are very conspicuous and dorsally between them there is a pair of bifid 
chitinous harpes (har.).t In pryerit (Pl. XXX., fig. 4), the unci (wn.) 
are also very conspicuous. Between them at their base there is a pyramidal 
chitinous harpes (Aav.) rather resembling that of klugi. Dorsal to it there 
is a pair of small cylindrical bodies (c. b.). Still dorsal and lateral to 
these there is a pair of chitinous pieces (c. pie.), behind which there is a 
semicircular chitinous plate (c. pl.) composed originally by the union of two 
quadrants. Posterior to the plate there is a pair of much dilated vesicular 
bodies (c. v. b.). In the dried specimen of takenouchii (Pl. XXX., fig. 3) 
we see a pair of V-shaped unci (wr.), the internal branch of each being 
crossed over each other, showing the form of a W. ‘The pair of cylindrical 
bodies described in pryeri is in this species very conspicuous and fills up 
the entire area between the chelew (see Pl. XXX., fig. 3, c. 0.). 


In Panorpodes§ there is a pair of whitish, posteriorly directed tubercles 


* Observations were made on macerated dried specimens, 
+ “Bilattartige Anhinge ” of Srrrz. 
t$ Observations were made on macerated dried specimens. 
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(Pl. XXXL, fig. 1, v.), possibly corresponding to the eversible vesicle of 
Panorpa. Dorsal and posterior to them there is a pair of large ovate 
vesicular bodies (c. b.), closely in contact with each other along the body 
axis, This may be homologous to the central cylindrical body of Panorpa. 
Ventrally we can see through the bodies a pair of irregular chitinous harpes 
(har.), Which may be equal to the same in Panorpa. 

The appendages of male genitalia of Bittacus are already explained. In 
Bittacus nipponicus* there is dorsally an unpaired uncus (Pl. XXXL, figs. 3, 
4, un.), which bears at the base a single middle, and paired lateral, appen- 
dages. Posterior to the uncus there is the Y-shaped posterior chitinous plate 
or harpe (p. p.), at the root of which, indicated by p in figures 3a and 
3c the genital duct may possibly open. Whether this entire body serves 
as the penis or not is not yet ascertained. At the root of the plate there 
is a pair of chitinous rods dilated at the apex (Pl. XXX ., fig. 3c, c. 7). 

The female genitalia:—The female opening is situated in the ninth ab- 
dominal segment. In Panorpa the ventral portiont of the segment is separated 
posteriorly from the dorsal portion and constitutes the sexual opening (see Pl. 
XXX., fig. 6). Inwardly to the opening there is an U-shaped, chitinous internal 
skeleton (Pl. XXX., fig. 6, i. s., fig. 9), into which the genital ducts open, In 
Panorpodes (see Pl. XXXL, fig. 9b) the ninth segment is cylindrical and 
not separated into dorsal and ventral portions like Panorpa, so that the genital 
aperture may probably open between this segment and the next. Panor- 
podes has also the internal skeleton (fig. Ya) situated at the base of the 
ninth segment. This internal skeleton is smaller than that of Panorpa and 
consists of a single quadrate mass originally composed of two elongate 
chitinous pieces. In Bittacus (Pl. XXXI, fig. 2) the opening is situated 


under the two ventral triangular plates (¢. p.).} 


II. Internal Structure. 
1. DIGESTIVE SYSTEM. 
The alimentary tract in Panorpa, Panorpodes and Bittacus is almost 
* Observations are made on macerated dried specimens, 


+ Some authors use the term “subgenital plate” for it. 
¢ Some authors call the plates “subgenitel plates,” 
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similar. It is a long and rather simple tube. The oesophagus (Pl. XXXIL, 
fiz. 3, oc.) is a rather narrow tube, supported at two points by a bundle of 
muscles (m. pt.), where the canal is also twice dilated. The anterior one 
is fringed anteriorly with a circular chitinous frame-work (fig. 9, c.f. w.), 
on the ventral spot of which there arises a chitinous rod, which runs forward 
along the ventral side of the oesophagus, lining the floor thereof. The 
oesophagus then leads to an elliptical organ considered as the proventriculus 
(pv.). The internal structure of this organ is very peculiar and has 
already been anatomically described by Loz—w* and Durourt in Panorpa 
communis. I have studied it histologically in Panorpa klugi, P. japonica, 
Panorpodes paradoxa and Bittacus nipponicus, and have found that it is 
similarly constructed in these species of different genera. On examining the 
organ superficially a dark, hard looking cylindrical body can be seen through 
the tissue. On the top and bottom of the body we see a semi-spherical lumen 
which is connected with the cavity of the alimentary canal. The cylindrical 
body in Panorpa is comparatively long and in Panorpodes and Bittacus rather 
shorter. However, even in Panorpa the length is frequently variable. The dark 
appearance of the body is caused by the presence of specially arranged long 
sete. As can be seen from the radial and transverse sections (Pl. XXXIL, 
figs, 5, 6), on the internal wall of the organ a great number of long setee arise, 
directed to the central axis of the organ, and mostly horizontally. The length 
of the sete is not strictly fixed. I have measured 0.16 mm.—0.18mm. As 
can be seen from Pl. XXXII, fig. 4, the sets (se) arise from the single 
layer (ep.) of epithelial cells, which is outwardly surrounded by a number 
of longitudinal muscles (/. m.). These muscles appear in sections as many 
polygonal bodies with central or excentral nuclei. Still outwardly there is a 
layer of ring muscles (7. m.), which forms the outer wall of the proventricu- 
lus. Each seta is a straight chitinous rod and almost testaceous; only the 
basal part is blackish brown and for a short distance beyond colourless. LOoEw, 
who mentioned the root of the seta colourless, might have referred only to 
that region. The connection of the sete to the body wall, that Lorw failed 
to observe, as far as I could make out, is simply the attachment of the former 


* Linn. entom., ili, 1848, p. 36. 
~ Mem. Ac. Sci. étrang., vii, 1841, p. 582 (after SHanp). 
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to the epithelial layer, and there seems to be no intimate connection with the 
epithelial cells. The basal portion of the seta is slightly dilated giving 
the form of a flask. 

Next to the proventriculus there comes a simple tube of a large caliber, 
which is the mid-intestine or stomach (Pl. XXXIL., fig. 3, mi.). Immediate- 
ly behind the proventriculus it is slightly constricted and then gradually 
begins to dilate posteriorly so as to form the widest part of the alimentary 
canal, which again posteriorly becomes narrow and passes into the hind 
intestine ( int.). Near the posterior end of the mid-intestine the dark-brownish 
Malpighian tubes (m. p. tb.) open, which are six in number and lie along- 
side the stomach in a complex manner. The basal parts of the tubes are 
colourless. The hind-intestine (vt.) is rather slender, beginning at the 
posterior end of the stomach; it runs posteriorly for a while and then turns 
forward for a short distance, then again curves posteriorly and runs a long 
way to the anus. Before the anus there is a dilate portion known as_ the 
rectum. Anteriorly to the rectum there is a constricted portion which may 
probably be referred to as the colon. 

Salivary glands (Pl. XXXII, fig. 9. s. g.) are rather small, situated 
dorsally on the oesophagus, where the latter is bent from the head to the 
thorax. (In the figure the glands are turned aside.) The glands consist of 
a pair of long, white, granular-looking tubes situated side by side, which 
basally narrow into fine filaments that rest on the wall of the alimentary 
canal. I did not succeed in tracing how each salivary duct opens into the 
cesophagus, where, according to Lorw, they open by a common duct. 

Fat-bodies* are just as in many other insects and occur in abundance 
in the body cavity. What Lorw says on the European species “in der 


Regel nur sparsam vorhanden” is not applicable to our common species. 


2. NERVOUS SYSTEM. 


The investigation of the nervous system is extremely difficult. I have 
not yet succeeded in tracing the nerves arising from each ganglion in a 
satisfactory manner. The following are the results that I arrived at from a 
study of the female of Panorpa klugi. The brain is a large, transversely 


* For convenience I append the description of fat-bodies here. 
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elliptical mass which bears laterally a pair of large spherical optic lobes. The 
thoracic ganglia are large and three in number (I have, however, in two 
examples discovered only two ganglia, the prothoracic one being wanting). 
The abdominal ganglia are smaller than the thoracic ones and six in number. 
This well agrees with the facts described by Lorw from a study of the 
European species. The first abdominal ganglion is in the thoracic segment, 
just behind the last thoracic ganglion. The second lies on the anterior 
margin of the third abdominal segment. The third to sixth lie respectively 
on the fourth to seventh abdominal segment. From the thoracie ganglia 
many nerves arise, and from the abdominal ganglia, with the exception of 
the last one, two pairs of nerves arise. The commissures connecting each 
ganglion run usually in distinct pairs side by side. Between the brain and 
the first abdominal ganelion however, they are slightly separated from each 
other. ‘This differs slightly from the observation of Lorw in Panorpa com- 
munis; he shows in his plate the commissures between the brain and_ the 
prothoracie ganglion as fused together, though between the latter and the first 


abdominal ganglion they are separated just as in our species, 


3. REPRODUCTIVE SYSTEM. 


Male organs :—In Panorpa and Panorpodes the testes are situated in the 
sixth abdominal segment. In a few cases, however, they extend over the 
seventh. In JBittacus they extend from the sixth to the eighth abdominal 
segment. Each testis (Pl. XXXII., fig. 2. ¢.) is ovate, rather pointed towards 
the upper apex, and is purplish, or ochreous-brown in colour. In Panorpa 
and Bittacus it is elongate and in Panorpodes very short (see Pl. XXXII, 
fiz. 7, ¢.), so that in the latter it looks like a nut. Each testis consists of 
three follicles arranged side by side round a longitudinal axis. In Panorpa 
the posterior end of the testis is filled up with a mass of much convoluted 
duct, the vasa offerentia (Pl. XXXII, fig. 2, v.e.). This latter often forms 
a single mass with the follicles or, as shown in the figure, becomes smaller 
and placed at the base of the follicles. In Panorpodes the vasa efferentia are 
separated by a short duct from the testis and form a larger oval mass (PI. 
XXXII, fig. 7, v. e.). Each of the vasa efferentia is connected by a short 
duct, the vas deferens, with the vesicula seminalis (Pl. XXXII, fig. 2, v. s.), 
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which is a whitish, elongate body, lying along the median line of the body. 
A pair of accessory glands (Pl. XXXIL., fig. 2, a. g.) open into the vesicula 
seminalis at the base of the vasa efferentia. The upper half of the vesicula 
seminalis as well as the accessory glands in Panorpa kingi are very long, 
while in European species they are reported to be small elliptical bodies. In 
our wormaldi the glands are also small. Possibly their lengths may vary ac- 
cording to the lengths of the segment in which the glands are contained, be- 
cause that segment is comparatively longer in Panorpa klugi than in wormaldi 
and the European species that were examined. 

Female organs :—My observations are on Panorpa and Panorpodes, which 
are almost similar. In Panorpa klugi, each ovary (Pl. XXXIL., fig. 1, ov.) 
consists of ten ovarian tubes, as Stirz and Gross observed in the European 
species, and not twelve, as Brant and LorEw stated on the same species, nor 
twenty five as Fett reported in the American species. In each tube I could 
count 8-12 distinguishable eggs, the actual number being still greater, Each 
tube opens by a short stalk into the oviduct (Pl. XXXII, fig. 1, ovd.). Two 
to three or more eggs of each tube (usually in the anterior tubes two and in 
the posterior three or more) nearest to the oviduct mature simultaneously. Next 
to these follow some undeveloped eggs and then come still less developed eggs, 
until they finally pass into the terminal filament, which is rather long and 
runs anteriorly. It is but rarely, that the eggs in each tube are not successively 
developed, as just described. The oviducts unite and form the common 
oviduct (Pl. XXXIL., fig. 1, ovd. c.), which terminates at the sexual open- 
ing (cloaca) of the ninth segment. Dorsal to the juncture of the oviducts the 
last abdominal ganglion is situated (Pl. XXXII, fig. 1, 7. a. g.). Anterior 
to it there is a distorted pear-shaped sac (bur.), light-red in colour, which is 
known as the bursa copulatrix by Srirz and as the receptaculum seminis 
by Lorw. From the sac proceeds a slender, winding duct (d.), which ter- 
minates at the cloaca. According to Srrrz, in the European species the 
terminal portion of the duct is forked shortly before it ends at the cloaca, 
Ventral to the oviduct there is a pair of long, slender, winding ducts, 
which are the colleterial glands (c. g.). The two ducts join posteriorly and 
form a common duct which also terminates at the cloaca. In what relation 


all these ducts stand to the internal skeleton, already described, that is found 
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in the interior of the cloaca, could not be detected. Stirz made this partly 
clear in the European species. 


III. Venations and their Variations. 


Speaking generally, scorpion-flies have the typical venation, consisting of 
costa (c.), subcosta (sc.), radius (7.), media (m.), cubitus (cwv.) and anals 
(an.). ‘These veins are connected by some cross veins. C. and sc. are single, 
7. has two branches, 7,. and the radial sector (rs.), which forks twice and 
constitutes 7,., 73., 7. and 7;.; 7. usually divides once or twice so that it 
has two or three branchlets. Rarely, however, does 7;. also happen to fork, 
but when it does it may have two branchlets. MW. divides twice dichotomously 
and m,., m,., m;. and m,, are formed. Cu. has two branches cv,. and cvz., 
which are stalked for a distance from the base. An. are three in number, a7,., 
an,. and an;., which are shorter in progression. These can be seen typically 
in the fore wing of Panorpa and Panorpodes (Pl. XXXII, figs. 2, 3, 4). 
In the hind wing of the above genera and in both wings of Bittacus some 
slight modifications occur, i.e. in the hind wing of the three genera cu,. is 
coalesced for a short distance with m., and cv,. with an,., and in the fore 
wing of Bittacus cu,. is coalesced for a short distance with m. (See PI. 
XXXII, fig. 1; hind wings of figs. 2, 3, 4; more especially fig. 5.) In 
the hind wing of Panorpa and Bittacus, there is no or only one cross vein 
between c. and sc., and an,. and an,. are connected by a cross vein on their 
independent portion, while in Panorpodes there are usually two cross veins 
between c. and sc.,and an,. is connected by a vein with an,.on its coalesced 
portion with cu,, This fact seems to me to have been hitherto undescribed. 

Recently ENDERLEIN, of Germany, has proposed many new genera in 
Mecoptera, chiefly based upon the arrangement of the veins, Thus two new 
genera, Awlops and Campodotecnum, were added to the Japanese fauna. 
However, after close examination of the veins in many specimens I find 
that the venation, the chief criterion of ENDERLEIN’s genera, is subject to 
much variation and, in certain cases, quite unfitted for the settlement of 
generic characters. Let us quote the characters, relating to the veins, of 


Panorpa, Aulops and Campodotecnum as given by ENDERLEIN :— 
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Panorpa—* Clavus gross und lang. Subcosta erreicht im Vorderfliigel 
das pterostigma, im Hinterfligel nur etwa die Mitte des Vorderrandes; in 
letzterem wird das Pterostigma durch eine Gabelader von 7, geschlossen. Im 
Vorder- und Hinterfligel: Radialramus mit Janger Gabel, der vordere Arm 
meist 4 astig (seltener 3 dstig)..... Zwischen an and ax,* im Vorderfligel 2, 
im Hinterflugel 1 Querader..... Zwischen ax, and ax,* im Vorderfliigel 2, im 
Hinterflugel 1 Querader.....” 

Aulops—“ Diese Gattung unterscheidet sich von Panorpa durch folgen- 
des: 

Die Subcosta mundet wie im Hinterfligel etwa in die Mitte des Flugel- 
vorderrandes in die Costa und erreicht so das Pterostigma nicht, das ebenfalls 
wie im Hinterflugel durch eine Gabelader von 7, geschlossen wird. 

.. Vorderer Radialgabelast meist 3 dstig (selten 4 dstig).”’ 
Campodotecnum—“ Unterscheidet sich von Panorpa durch folgendes.... . 
Clavus klein und kurz. Zwischen an und az,* im Vorder- und Hinter- 

flugel nur 1 Querader. Zwischen x, und z,* im Vorderflugel eine, im 
Hinterfliigel keine Querader...... ‘i 

These facts we can analize into the following elements. :— 

1. Peculiarity of the subcostal vein (in Aulops). 

2. Number of branchlets of the first branch of 7s. 

3. Size of the clavus. 

4, Number of cross veins connecting an,.—an). (an.—azx,.) and an, .—an3. 
(4,.—ax,.) in both wings. 


These are examined in detail under their respective headings. 


1. PECULIARITY OF THE SuBCOSTAL VEIN. 


The peculiarity of the subcosta—extending in the fore wingt 
scarcely beyond the middle of the costal margin—that constitutes the main 
character of the genus Azlops of ENDERLEIN, was already observed by 
M‘Lacuian.t| Indeed most of our species bear this characteristic, of which 
he adds “a peculiarity only to be found in one true European species 
(Panorpa alpina), which otherwise has no intimate connection with the 


* azx,. and ax,. are equal to an,. and an,. in my paper. 
{ Ido not speak of the hind wing, because it is almost alike in Panorpa and Aulops groups. 
$ M‘Lacuuan: ‘Trans. Ent. Soc. Lond., 1875, p. 183. 
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Japanese group.” In Japan there exist together with this form certain species 
such as Panorpa cornigera, gokaensis, golloisi, arakave, ete., which have the 
character of the European type. I have therefore studied the subcosta of 
both groups, and fortunately could discover the fact that the above stated 
two characters gradually pass one into the other and are never fixed. The 
following is a detail. 

a. Modification of the subcosta. 

My study of the wing-markings of Panorpa, the results of which are 
detailed farther on, having led me to the conclusion, that the markings of 
Panorpa cornigera and Aulops* pryeri are so closely related that the one 
can be derived from the other, I proceeded to examine whether the resemblance 
was limited to the wing-markings only, or whether it extended to the generic 
characters, i.e. peculiarities of the subcostal veins. 

In the normal form of Panorpa cornigera, as in other members of the 
group (or genus, according to ENDERLEIN), the subcosta sc—p (Pl. XXXITV., 
fig. 1) of the fore wing ends at the pterostigma, running almost parallel 
with the costa c—p, and there is a short transverse veinlet ¢ between the 
two veins at about 1/5 of the length of the subcosta from its end. Now the 
subcosta shows certain modifications at this cross vein ¢. In some specimens 
(fig. 2), the cross vein ¢ shortens into a mere spot, so that the subcosta 
comes into contact with the costa at that point (notice that in fig. 1 the 
right wing is drawn and in fig, 2 the left one). In this case the subcosta 
is divided into two portions p—t¢ and ¢—sc. Again in some specimens further 
modifications occur in the outer portion p—t: in two specimens (a male and 
a female) the portion p—¢ swerves posteriorly so as partly to fuse together 
with the radius 1 (7,.). This occurred in the female specimen similarly in 
both wings, but only in the right wing in the male specimen. This latter 
case is reproduced in Pl. XXXIV., fig. 3, in which the portion p—¢ is 
fused together with the radius along c—d. In such cases, the outer portion 
of the subcosta p—t is naturally divided into three parts: (1) ¢—c (2) c—d 
(coincident part) (3) d—p. In another female specimen (Pl. XXXTY., fig. 
4), in the right wing, the outermost part d—p has entirely disappeared, so 


* In order to facilitate the explanation I use here Enderlein’s genus Aulops, though, as is 
explained later, it does not possess a generic value, 
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that the subcosta (sc.) appears to end at ¢, becoming much shorter than 
in the typical form. In this specimen there is another short cross vein ¢, 
in the region under consideration, which probably arose by accident and has 
no special meaning. These peculiarities are found in the right wing, the 
left having an almost similar subcosta with the specimen mentioned last. 
There is another female specimen (Pl. XXXIV., fig. 5), in the left wing of 
which the divided parts {—c and d—p have become very obscure (indicated 
with dotted lines in the figure), so that the normally developed part of 
the subcosta ends exactly at ¢, but bluntly in such a way as to remind 
us of the former (or potential) presence of the cross vein ¢, moreover, a 
small basal portion of the atrophied veins ¢—c is normally developed. 
Attention may also be called to the fact that the part /—c has a short 
branchlet at b. As the course of the branchlet 6 agrees with that of the 
ordinary subcosta, we may conclude that the modified subcosta t—c has a 
tendency to develop into the ordinary subcosta. Next, in the left wing of a 
male specimen (Pl. XXXIV., fig 6) the same modification occurs, and the 
divided parts of the subcosta t—c and d—p are also obscure. But in this 
specimen the subcosta sc. ends at ¢ very acutely and not bluntly as in the 
last specimen, so that we can no longer infer the presence of the cross vein 
t. Finally, there is a female specimen captured on Mt. Gozu, Echigo, on 
June 9, 1910, by Mr. Hatraknyama, which shows an almost similar venation 
to that of the Awops group (Pl. XXXIV., figs. 7, 8 and also text-figure 5, a). 
As can be seen from the figures, the subcosta (sc.) in this specimen terminates 
acutely in both wings as in the ordinary Aulops species. The false vein 
t—c, one of the two portions of the divided subcosta, is also present in this 
specimen, They are, however, not alike in both wings: in the right it is 
as in the preceding specimens, but in the left it arises not at ¢ but at an- 
other point ¢’ somewhat removed from 7, so that there is an independent 
cross vein ¢t/—c between the costa and subcosta. The other portion of the 
subcosta, d—p, is entirely absent in this specimen; but the radius 1 is 
forked and encloses pterostigma (Pl. XXXIV., figs. 7, 8, pér.). In fact, so 
far as I know, the radius 1 is always simple (speaking of the fore wing) in 
the Panorpa group, while in the Awlops group it is forked, just as in the 


present example, Therefore, this specimen has, in this respect, an almost 
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similar venation to that of the Awlops group. The only difference is the 
presence, in the specimen, of the false veins ‘—c and t/—c; but these are 
rather indistinct. One question remains, whether the disappearance of d—p 
in this specimen is due to extinction or to modification, so as to form the 
upper branch 7,—r, of the radius 1 (r,.); in the latter case d—p would be 
equal to 7,—r,. This point can only be settled by a study of the develop- 


ment of the veins. 


b 


Text-figure 5.—a, a female specimen of Panorpa cornigera, which has the venation very 
closely allied to the Aulops type, captured by Mr. Hatakeyama. b, a male specimen of do., 
which has the venation of the Aulops type, sent me by Mr. Naxanara. x about 4. 


Quite recently I received another male specimen from Mr. NAKAHARA, 
captured in Harima on May 23,1910. The specimen bears exactly the same 
venation as in the typical Avlops, and of course no trace is left that may 
remind us of the ordinary Panorpa type of venation that the insect original- 
ly should possess (text-figure 5, b). 


From the above facts we can infer that the subcosta of cornigera may 
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undergo the following modifications: 1. The subcosta becomes joined to the 
costa by a shortening of the cross vein ¢; 2. the outer portion ¢—p of the 
divided subcosta then swerves posteriorly, and uniting partly with the radius 1, 
tends to be divided into three parts: t—c, c—d, d—p; 3. these three parts 
may partly or entirely disappear; 4. radius 1 becomes forked. 

In this way the Panorpa type of venation of Panorpa cornigera is 
transformed into that of the Avops type. 

On the other hand I have examined many specimens of Panorpa (Aulops) 
pryeri of the Aulops group for similar examples, but unfortunately have found 
hone, 

As in the transformation above described the blunt ending of the sub- 
costa at the costa becomes changed into the acute, I directed my attention to 
this point in many other species. In fact the termination is very variable 
in many Aulops species: as is figured in Pl. XXXIV., figs. 9a, Ob, it is 
sometimes blunt and sometimes acute, reminding us somewhat of the transi- 
tional stages above described, where the presence of the cross vein ¢ caused 
the bluntness of the termination. The blunt ending is comparatively com- 
mon in lewist and rare in klugi. Figures 9a and 9b refer both to lewist. 

If the conclusion above stated be true, we can extend it further and 
say that the short subcosta of the Awlops group was formed from the long 
subcosta of the Panorpa group by the disappearance of the portion lying 
distally to the cross vein ¢ in the latter. 

b. Relative lengths of the subcosta to the wing in the Avulops group, 
and of the subcosta from the base to the cross vein ¢ to the wing in 
the Panorpa group. 

From the above stated facts we have learned that the subcosta of the 
Aulops group corresponds to that of the Panorpa group from the base to the 
cross vein ¢. And as these lengths are not fixed even in individuals of the 
same species it cannot be without interest to observe the variations of these 
lengths in both Awlops and Panorpa groups, and further to compare the 
modes of variation in the two groups. Thus I measured in the Panorpa 
group the length of the subcosta from the origin to the eross vein ¢ and 
the length from ¢ to the apex of the wing, and in the Awlops group the 


length of the subcosta from the origin to the end, and from the end to the 
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apex of the wing. To facilitate reference I shall call, in both groups, the 
former length, length I, and the latter length, length II. They are tabulat- 
ed below :— 


Panorpa group : 8 mm. 7. mm 1, mm 
ae 7.5 5 
1. cornigera. g a , Be % 
Sex. Length I. Length Il. Difference. 8.1 89 i _08 : 
2. 7.6mm, 8. mm. —0.4mm.* Bo 8.8 —0.6 
ah ct ne (es Lh a 83 ,, S35 
a. tee 5 Se oss —0.3 ,, ae Stee O27, 
Gis Uae 6.9 ,, 0.9 ,, 8.4 ,, 84 ,, 
2. (ocr Bis; 0.2" ae rae UY fle 
a ted ” 6.9 ” 0.8 ” 8.5 ” 7.8 ” 0.7 ” 
2. Gee ore. UZ Se Sri O4r 
2. hm fy 0.2 ,, 85 CSc 0.2: ¢. 
.. ae 8. oy Sb 5s S34, OR 
2. 8.4 ,, LE 3, 1 G5 oy age —0.2 ,, 
t. 86 ,, Rie 5s 16 ,, 85 ,, 88 4 —0.3 ,, 
KSH 8.6 ” 7.3 ” 13 ” 8 6 ” 7.6 ” ils ” 
£-. 9. ” 7.9 ” 11, 3:6) |; 3.3 ” 0.3 ” 
2. communis. om ae mike 
8.7 8.5 0.2 
i cS a eae tf aes oH ee 
3 : 8. . 6.9 % 11 - 5 3 ” a ” i ” 
2 8.5 ” 7.4 ” Ua ” _ : e a ‘ rs 
3. gokaensis. Sie 3 Men ails A 
a , "6 a 7.2 es 0.4 5 9: ” 8.3 ” 0.7 ” 
oe 7.9 ” 7.6 9 0.3 aa 9. ” 8.3 ” 0.7 ” 


4,  qgalloisi. 
Gee (ee Vee) —0.1 ,, 


5. «ralkave. 
a ices 6:90. OS); 


Aulops group : 


6. japonica. 


JO 40 JO % > oy 40 fo 40 40 $0 % 40 Jo % % & o Oy fom & & 4o oy Jo Jo % 4o JOD B 95 95 95 Jo 4o Jo & Yo fo & 4o 


Se 7.2mm. 7.3 mm, —0.1 mm, 94 ,, 3:5) 4; O67 = 
ais Ue Col Gees —0.5 ,, D5 ss Srey i eres 
OS canes H (he ee (OFS Ibs S55, 5 ee 
ioe (le arr Uae och —0.3 ,, TGs Sly 11s 
Br hos See ss —0.5 ,, Sey eA SiSin 4; Shes 
Or (cae ae SS) os —18 ,, 96: ., 8.9 , OM os 
isi. Cel arp oe —0.2 ,, Di 55 S60 ss tote 
8. yo ae ae O5is, 10, CS). Lives 
ois «9. Silk i375 —0.1 ,, 105), Cae OS 5 


* [-—] sign indicates that length II is greater than length I. 
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rectifasciata. 
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bicornuta. 
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hakusanensis. 
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pryeri. 
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Length I. 


Length II. 
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Difference. 
1. mm. 
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12. wormaldi. 
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13. leucoptera. 
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8. mm. 8. mm, mm. 
Gar ces U8 4 OZ, 
Sh 5 MED ss O.GIe,, 
SL y,; i Ef hae O47, 
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17. nilckoensis. 


Sex. Length I Length Il. Difference. 
8.1mm. 7.8mm, 0.3 mm. 
85, Sima 35 0.5 4, 


py 


18. klugi. 


65", 6. 5 0.5 4 
(aD 5 a —05 ,, 
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Sex. Length I. Length If. Difference. 


s 6.7 mm. 7. mm. —0.3 mm. 
AN THD) 53 6:6"; Oia, 
Oo Meine GOR: O38. oe 
ae aD inss Sh. ay —0.5 ,, 
2. 8.2 ,, WED ass OVE; 
22. ochraceopennis. 
i GORE; es —0.4 ,, 
Bo 63S ee OY 5, 
2. Ua UP\ 4 OLS; 
i. EDs UA 0:3); 
io AG 35 UES 5 0.4 ,, 
8c Si); 6.5" 5, Dee 
a Shs UAB. 5 04 ,, 
{sy Si" eSiees OD 
on Salles hg) Os, 
&. Sle. SDs; —04 ,, 
Be. 8.2 ,, Us Fp Oe 
Oe 8:21; Us cp 0.4 ,, 
AS SHA pp SiGne; —04 ,, 
a. 33) ey USS” ep O04 ,, 
tok S85 S42. =U, 


We see from the above that in the relations 


{o). 8.5 mm. 7.8mm. 0.7 mm, 

48 See Sismeee OPA a 
fo. S:6n.; eel Ob =. 
fo. SiGar. 82). 0.4 ,, 

oo SG.) e4 0.2 ,, 
or Sila. ts ee OG) 
ee oe) gs One. —0.1 ,, 
Ge 9: Gs SA 09a 
Sis 92. Sree A ee 

Be 83" Ay total oe 12 

ABs ‘OlGmees 8.2. ,, TU Be or 

Ove Og, eM) = Lie 

ae 10555 8:55; Ties 5 

Be 10.4 ,, Sir DPA ae o 

23. lewisi. 

a: 99 ,, Bin oss tt ae 
OF LOS; oF ia 
or O15 yes 82 ASI 

a TOMS. Se pi 5 

ou OG ee Say PMS ns 

be LOG 8.2 ,, oe 
ane ih eee 8.4 ,, PAs =p 


of the two lengths, three 


cases are possible: 1. Length I greater than length II; 2. Both lengths 


equal; 3. Length I smaller than length II. 


It is necessary to examine the relative proportion of these three cases 


in the groups Panorpa and Aulops as well as the several species. The result 


is tabulated below :— 


Panorpa group. 


Total Number of 
Name of species number individuals do., do., 
Eee of individuals in which length I length I 
examined. examined length I =length II. <length II. 
r. ; > length II. | 
1. cornigera. 13 9 uf 3 
2. communis, 3 3 
3. gokaensis. 2 2 
4. galloisi 1 ] 
5. avrakavae. il 1 
15 1 | 4 


Total. | 20 
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Aulops group. 


Total Number of ; 
Name of species number individuals do., do., 
examined. gem alg ak gee 1, | “Slongth Tr 
ae : >length II. f | a 
6. japonica, 59 45 | 2 12 
7. pulchra, 11 7 | 3 1 
rectifasciata, A? 13 | 4 
9. bicornuta, 3 3 
10. hakusanensis, ub 1 
11. pryeri. 25 25 | 
12. wormaldi, 3 2 | t 
13. leucoptera. 4 2 2 
14. striata. 1 1 
15. multifasciaria. 4 3 | 1 
16. takenouchii. 5 5 
17. nikkoensis, 2 2 
18. klugi. 72 60 3 9 
19. trizonata. 14 12 1 it 
20. ochracea. 2 1 | 1 
21. obscura. 6 3 | 3 
22. ochraceopennis, 29 24 | 5 
23. lewis, 7 i | 
Total, | 265 | 216 10 | 39 
Total in both groups. 285 | 231 11 | 43 


We thus see in our scorpion-flies that the first case, viz. length I being 
greater than length I, occurs most frequently, while the second and third cases 
are comparatively few, 231 out of 285 specimens belonging to the first, and 
11 to the second, and 43 to the third case. We can therefore say that in 
our species leneth I is usually greater than length IZ; and this statement 
holds both for the Panorpa and the Azlops groups, as the ratio of the three 
cases is in the former 15: 1: 4 and in the latter 216: 10: 39. 
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Besides we see in the table of pages 299-302, that some examples of 
both groups incidentally represent the same numerals for lengths I and II, 
as for example an individual of cornigera and of japonica show for the 


lengths the same numerals 7.8 and 8. 


2. NuMBER OF BRANCHLETS OF THE First BRANCH 
OF THE RADIAL SECTOR. 


The number of branchlets of the first branch of the radial sector of the 
fore wing are said by ENDERLEIN to be in the Azlops group mostly three and 
rarely four, and in the Panorpa group mostly four and rarely three. How- 
ever, according to my own observations, the ratio of individuals with three 
and four branchlets are not very different in the Japanese species of the 
two groups; in both groups the ratio of individuals with three branchlets is 


larger than the other. The facts investigated in our species are tabulated 
below :— 


Panorpa guaroup. 


& 2 + & GA» 
= : E » | & E Sa. 
is) Ss Ss ° uo) uo} Bei V5>| % 
inh et] 6 ° oO = mk OD : Eas 

7s a eZ rol m c<5) oS ress Gry A vo} — 

Name of species Boa fang A I a = x i a aa a AG 7 z 

ree Sg wd ¢g eo f=! d0 aaa HOM | wes 

examined. Ae) OF § || Ose 3 on 2 | Sen e ie 
—=6# wn ES pagel re A wn BO wEO |} egg 

g.4 0 2 oe 2 3 ® oVdd 

ro) 2 2 3 2 2 2 e 5 i=} 

= g S ee Mi pee 

Z A a A Zien 

1. cornigera. 16 16 100 
2. communis. 3 1 33 2 
3. golkaensis, 2 2 100 
4. avrakavae. i il 100 | 
Fs Total 333 
Total. | 22 | | 20 | toms | 9 | | 
Aulops Group. 
5. japonica. 24 9 38 15 
6. pulchra. 6 3 50 di 2 


* Decimals over 0.5 are taken as units and the rest are cut off. 
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(ee) 
=) 
or 


| 
| 
| 
| 


| 
| 


* 4 Sada i: nied wes nd Ee! 
Biren sl2 | la? 
Baz |eee|eig| & | see | eee aEes 
Name of species aaa | sa Bas 2 Beg | 844 | 53- 
examined. Azs ‘6a & S38 2 Sa 8 S38 gers 
aak | peo | ges 8 sba | seo | age 
St 2 2 3 2 A Za3z 
iS E a e EI EI grad 
5 f=] Ss =] t=] 
wae ge: WO 2, ie ea Le A A |4 4 
7. vrectifasciata, Ua 1 5 45 2 
8. bicornuta. 2 67 
9. hakusanensis. iL 100 
10. pryeri. 10 6 60 3 if 
11. leucoptera. 9 8 89 2 
12. wormaldi. 4 4 100 
13. striata: A 1 100 
14, multifasciaria. 5 4 80 1 
15. takenouchit. 9 9 109 
16.  nikkoensis. i 1 100 
17. klugi. 56 18 32 34 2 2 
18. trizonata, 18 17 94 1 
19. ochracea. 2 2 100 
20. obscura. 3 it 33 2 
21. ochraceopennis, 23 18 78 vi a 
22. lewis, 5 2 40 2 1 
Total. | 191 | 1 | 111 | tetas] gg | 2 | 1 
Panorpodes, 
23. paradoxa. 15 14 93 i 
24. decorata. 3 3 100 
Total. | 18 | | io | | 1 


As can be seen from the above table, in the Panorpa group those which 


have three branchlets are 20 out of 22 individuals of five species, and in the 


Aulops group 111 out of 191 individuals of 18 species. 


* Decimals over 0.5 are taken as units and the rest are cut off. 


The average per- 
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centage becomes in the Panorpa group 839 and in the Awlops group 73%. 
This fact shows that individuals that have three branchlets occur in both 
groups similarly in abundance, and not so in the Panorpa group only as 
ENDERLEIN says. 

Besides, there are some individuals, though very few, that have two or 
five branchlets, and there occur also some aberrant forms (for example those 
which have in the right wing three and in the left four, or the reverse) 
fairly frequently, as we have in the table 14 of such forms out of 191 indi- 
viduals. The mode of branching is also never fixed; the foremost branch of 
7,. may have forked branchlets with a stalk, or the second branch of 7;. may 
have the branchlets, or occasionally 7,. itself may have three branches of the 
same origin with a single stalk, or very rarely 7;. is forked outwardly. These 
various modes of branching occur not only in different species but also 
in individuals of the same species. In Panorpodes, 17 out of 18 have three 
branches and the remaining one must be considered as an abnormality, be- 
cause it has in the right wing the usual three branches and in the left wing 
two. So we can say Panorpodes has usually three branches. Bittacus has 
quite another mode of venation, which it is unnecessary to quote here, but 


all which I examined had two branches. 


3. SIZE OF THE CLAVUS. 


The size of the clayus, or the basal area of the wings restricted by an, ., 
is also one of the characters proposed by ENDERLEIN in distinguishing Panorpa 
and Aulops from Campodotecnum. However the size of the clavi in the 
former two genera appears to vary frequently. Nevertheless I could not as- 
certain whether the smallest form found in the two genera is quite so small 
as that of Campodotecnum. 

Between the clavi of Panorpa and Aulops no actual difference is found, 


and ENDERLEIN did not remark on it. 


4, Numper or Cross VEINS BETWEEN an. 


AND an,., AND Qn. AND Ns. 


As characteristic of Panorpa and Aulops EXDERLEIN says that in the fore 


wing there are two cross veins between an,.and an,., and an,. and an;., and 
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in the hind wing one in the same places. And as characteristic of Campo- 
dotecnum, he says that in the fore wing there is one cross vein between a, . 
and an,., and an,. and an,. and in the hind wing one between an,. and an. 
and none between an,. and an,;. However, I have met with a number of in- 
dividuals in Panorpa and Aulops which do not possess ENDERLEIN’S charac- 
ter in the fore wings, but the character in the hind wings appears to be well 
defined. The results of my investigation (in the fore wing) of the Japanese 


species are tabulated below :— 


Panorpa Group. 


| 


; Bee : 
e Bane | Sania oo = 
8 4 cS oO si * 2° : © a 
Name of species ge | FI a ae i: = al 2 Bp tae 
- See etciS || 645 S|\s Ss 3 8 
examined, As ¢ o 8 | y Oo 11] Q a 
240 Seaton | Set a8 5 2 
6 Se axes aw S 
mn 8 e 818 3 &8|S 3 
A a A a * 
1. cornigera 16 16 | 0 
2. communis. 3 on | 0) 
3. gokaensis. 2 te 0 1 
4. arakavae. 1 ili ©) 
Total. | 22 | 21 | | | 1 
Aulops Group. 
5. japonica, 15 oA is 47 4 
6. pulchra. 7 ft 3 43 3 
7. rectifasciata. 12 4 6 50 2 
8.  bicornuta. 3 3 @) 
9. hakusanensis. if 1 O 
10. pryeri. 12 8 0 4 
11. leucoptera. 9 (i 0 9 
12. wormaldi. 4. 4. O 
13. striata. 1 1! 100 
14. multifasciaria, 5 4 0 1 
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a a = 
ro) z Boa a E Be a Ss E 
Bt cs, 4 ere | coat sere eal ae 3 
Name of species | 5 g 3 a a $ 5 if BS 2 5 ® =| 
examined. Fi = z rom] S y 3 8 5 1 a cd & 
ga 6 Balls 2 A 8 3 
St ae §| S| § = §| § s E 
GZ GZ 
15. takenouchit. 8 8 ) 
16. nikkoensis. 1 1 0 
17. klugi. 63 iN) 34 54. 10 
18. trizonata. 15 15 0 
19. ochracea, 2 1 50 1 
20. obscura. 3 2 67 i 
21. ochraceopennis. 19 18 0 if 
22. lewisi. 4 2 50 2 
Total. | 184 7 | 56 | mee [ot 
Panorpodes, 
23. paradoxa. | 14 | | 14 | 100 | 


As can be seen from the table, out of 184 individuals of 18 Aulops species, 
there are 56 examples which bear one cross vein between an,. and an, ., though 
between an,. and an. there are two cross veins. The average percentage of 
such examples amounts to 21%. This is of course very small, still it is too 
numerous to allow one to overlook it as anomalities of the ordinary forms. 
More than this—for example in /lwgi—such forms represent 54%, in obscura 
67%, and in trizonata and lewist 50% of all, so that in these species such 
forms should be considered as of normal occurrence. Further, 14 specimens 
of Panorpodes that I examined showed exclusively this form. Anomal forms 
frequently occur, as one may see by the table. Amongst them the following 
are commonly found :— 


ua 
a 


* 


gokaensis. Es : 
2 


* The upper and lower numerals indicate respectively number of cross veins between an,.— 
an,. and dn,.—Gn,.; the right and left figures show respectively the right and the left wing. 
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japonica. 2 1,2 1.1 2,1 1.1 opis oF 
Ate Oe eee 2 8” Oo” Me a. 
aoens, | a a a Sa 
bicornuta. —— 
aD 2, 2 2 2 
mryeri Baa pth 
egies eae Saar Rk ae 
multifasciaria. Ea ; Bs 
2 2 
: | a tee. ft 
klugi. —.— 3 —.— 53 —=.— 53 =.=. 
i ead ee ill ahaa 
pe 3 
ochraceopennis. —.—. 
B38 
lewis? wiles: Tog 
ewisi. 229 Sa eas 
Satta 1D 
rectifasciata. = . x : ze : x : 
Dee thy ocd OD 


In the hind wing, all the specimens of Awops and Panorpa in the collec- 
tion before me possess the typical number of cross veins proposed by ENDER- 
LEIN, i.e. one in an, .—an,. and another in an,.—an,., but the length and 
position of the cross vein between an,.—an;. is highly variable. In certain 
examples it is situated very close to the origin of an,. and an;., therefore it is 
extremely short, and in some it is situated outwardly near the posterior margin, 
therefore it is very long. Let the cross vein in the former case traverse to the 
origin of veins so that it will disappear and the type form of Campodotecnum 
will appear. Though I have not yet met with such specimens, the difference 
of this and the above stated example with the short cross vein appears to 
me actually very small. 

The statement of ENDERLEIN in his recent paper on the Mecoptera of 
Java, that my ochracea, brachypennis, rectifasciata and trizonata, and nip- 
ponensis of Navas belong to the genus Campodotecnum, may be wrong, be- 


cause these species bear more characters of Awlops than of Campodotecnum. 


5. CONCLUSION. 


From the above stated facts we can conclude that the characters pro- 


posed by EnpERLEIN for separating Awlops from Panorpa are, so far as vena- 
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tion is concerned, of a variable character, and are not sufticient to be regarded 
as of generic value. ‘These characters being in fact the principal thing of 
all that he proposes, the other subordinate characters must be considered as 
of less value. Even these, as is explained in another place, are still more 
uncertain than the principal characters. For this reason I am of the opinion 
that the two genera Panorpa and Awlops of his should be considered at most 
as only subgenera. 

At the same time the characters he uses to distinguish Panorpa and 
Aulops from Campodotecnum are of a highly variable nature, so far as the 
venation is concerned, except the difference in size of the clavi and the charac- 
ter represented in the hind wing, i. e. the occurrence or absence of the one 
cross vein between an,.—an;. Other characters besides the venation proposed 
by ENDERLEIN are equally inadequate for generic distinction, since they are 
never limited to any particular genus. If this be the case, the characters 
of Campodotecnum are too slight to allow one to recognize it as a genus, and 
it seems to be more natural to look upon it at most also as a subgenus. How- 
ever as there are some characters peculiar to Campodotecnum I do not intend 


to sink the genus. I only consider them insufficient. 


VI. The Wing-Markings. 


Under this heading I discuss the wing-markings of Panorpa chiefly, 
because they are highly developed and complicated in that genus. A few 
species of Panorpodes have also some wing-markings, the study of which is 
appended to the end of the chapter. The wing-markings of Panorpa may 
be broadly classified under the following headings: 1. pterostigmatal fascia, 
2. apical dark area, 3. supplementary markings. In the following lines, first 
these parts are studied respectively and finally a phylogenetic conclusion is 
formed on the whole. The ground colour of the wings and hues of the wing- 
markings may differ in species as well as in individuals of the same species 
so that they also require to be studied. 

3roadly speaking, the markings of Panorpidae (frequently the ground 
colour of wings as well) are usually more distinctly or more fully developed 


in the fore wing than in the hind one. This may possibly be due to the 
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fact that the hind wing is usually covered by the fore wing when the insect 
is in repose. For this reason I have chiefly studied the markings of the 


fore wing. 
1. PTEROSTIGMATAL FASCIA. 


The pterostigmatal fascia is undoubtedly the most conspicuous part of 
the wing-markings of Panorpa; it commences anteriorly at the pterostigma, 
entirely or partly covering it—commonly the inner half or inner one-third or 
sometimes a very small portion is covered—and reaches to the posterior 
margin. It plays an important part in taxonomy, so far as wing-markings 
are concerned. We have to reduce all its divergent variations into a system, 
that is, intricate forms are to be traced to simple ones and simple ones to 
primitive ones, and finally we have to find out the original form of the fascia, 
whence all the divergent forms must have descended, and taking it as a 
starting point, to account for all the features represented in our Panorpids. 

a. Origin and formation of the pterostigmatal fascia, 

The pterostigmatal fascia is undeveloped in galloisi, lewisi and nikkoensis, 
and is in the form of a spot, and occasionally imperfect in bicornuta, leucop- 
tera and takenouchii, being in the form of a spot or short stria. Of these 
undeveloped forms the simplest one is that of galloisi, in which the pterostig- 
matal fascia is represented by a small costal spot situated at the middle of 
the pterostigma (Pl. XXXIV., fig. 10). In lewisi it is likewise small, but is 
situated at the commencement of the pterostigma and is associated moreover 
with a large apical patch. In xikkoensis the spot is placed at the inner one- 
third of the pterostigma and is accompanied by two spots arranged internally 
along the subcosta and a very small apical spot; in this species there is 
another very small spot at the posterior margin, just at the position where the 
ordinary pterostigmatal fascia ends. In a certain form of bicornuta (PI. 
XXXVI., fig. 2), the costal spot is conspicuously large and ends only in half 
the length of the ordinary fascia. In cornigera and leucoptera (Pl. XXXVI, 
fig. 17), the pterostigmatal fascia ends occasionally without reaching the 
posterior margin. In some exceptional cases the fascia assumes the form of 
a spot and ends before, or at the middle of the wing. Takenouchii has a 


very conspicuous and large pterostigmatal spot which occupies half the breadth 
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of the wing; in this species there are two large spots on the posterior margin 
opposite to the pterostigzmatal spot. These three or the outer two spots often 
fuse into one in the form of a A or < (Pl. XXXVI, figs. 7, 10). 

Of the examples mentioned above, the most primitive form is undoubtedly 
that of galloisi, in which the costal spot is smallest and simplest and is ac- 
companied by no other markings. I select this form as the origin of the 
pterostigmatal fascia. Next come the aberrant forms of cornigera and leucop- 
tera. Then perhaps comes nikkoensis. ‘Though lewisi has also the very primi- 
tive pterostigmatal spot, it has the well developed apical dark area just as in 
many other species. From these facts we may conclude that the pterostigma- 
tal fascia originated as a small costal spot placed at the middle of the ptero- 
stigma. Afterwards one or two small spots arose extending obliquely and 
backwardly as can be seen in examples of cornigera, nikkoensis and leucoptera, 
Next these three spots became enlarged or elongated, so as to fuse together 
and form an imperfect fascia, which further developed into an ordinary fascia 
(cornigera and leucoptera). 

b. Deviation of the starting point of the fascia from the pterostigma. 

The pterostigmatal fascia in such species as cornigera, gokaensis, pryeri, 
bicornuta, striata and multifasciaria is more oblique than in other species and 
occupies the entire area of the pterostigma, while in other species the fascia 
arises at the internal end of it and is more direct. Transitional forms, how- 
ever, can easily be traced in the above stated species, especially amongst in- 
dividuals of pryeri, the common species in Japan. In some forms of this 
species, the pterostigmatal fascia arises typically from the pterostigma, occupy- 
ing the entire area of it. In other examples it starts at the internal end of the 
pterostigma which, however, is entirely occupied by the remnant of the fascia, 
so that the fascia has the form of a F. Finally the upper right hand (the 
remnant of the fascia in the pterostizma) disappears, so that the fascia arises 
directly at the internal end of the pterostigma, the outer portion of the latter 
being entirely free from the fascia. This is the ordinary form of the ptero- 
stigmatal fascia found in most species of our Panorpa. 

c. Widening. 
The pterostigmatal fascia is rather narrow in cornigera, leucoptera, pryeri, 


wormaldi, multifasciaria, striata, ete. but rather broad in japonica, rectifasciata, 
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trizmata, ochraceopennis and certain forms of klugi ete., and of intermediate 
width in gokaensis, bicornuta, klugi, obscura, ete. In klugi the pterostigmatal 
fascia is highly variable, narrow, broad and intermediate forms all being 
present. Whilst the median forms graduate into the broad forms, there is a 
distinct gap between them and the broadest of the narrow forms. 

d. Fureation on the outer edge. 

The outer edge of the pterostigmatal fascia is not always even. In 
_ some species it is curved or angulated externally, or has a short projection 
or sinuation or furcation. The outer furcate portion is sometimes short and 
sometimes long, and in the latter case may reach to the posterior margin 
of the wing. The furcate portion is usually very slender and looks like a 
subordinate branchlet, but in some examples of trizonata it is rather broad 
and forms a large branch. In striata, communis, multifasciaria and wormaldi, 
the branch is as broad as the fascia itself, so that the entire fascia is dicho- 
tomously divided. Again, in some cases this furcate portion, separating from 
the main fascia and remaining on the posterior margin, constitutes a marginal 
spot. All these variational forms can be seen abundantly in a single species, 
klugi (see Pl. XXXVIL., figs.11-34) ; they are also not infrequent in japonica. 
The primitive form of the fureation may be found in the fascia of pryeri. 
In this species the fureate portion appears at first as a small projection. 
Commonly this state persists in this species. In a few specimens it is 
branched. In Alugi all forms of fureation are exemplified; when the fascia 
is slender it looks like that of pryeri, and when broad it is quite similar 
to that of japonica. Rectifasciata, obscura and typical klugi have both edges 
of the fascia entire, while ochraceopennis has only the outer edge entire. 

e. Unevenness of the inner edge. 

Though the outer edge of the pterostigmatal fascia is changed in a 
thousand ways, the inner edge is usually in most species very sharply de- 
fined. Occasionally as in japonica, some spots are developed at or near the 
inner edge; in such cases it becomes uneven. Ochraceopennis is another 
exception to this rule, inasmuch as the inner edge is always furcate on two 
spots anteriorly and posteriorly, while the outer edge is usually clearly 
defined. 
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2. ApicaL Dark AREA. 


a, Origin. 

Most species of Panorpa have a dark area at the apex of the wing. 
In the most primitive form, like galloisi, it is wanting. In some examples 
of cornigera it is also wanting, but in some the apex of the wing is slightly 
tinged with black (Pl. XXXVI., fig. 5), and in others it is developed along 
the apical margin in the form of a crescent (Pl. XXXVI, fig. 6). In some 
forms this crescentic mark is slightly removed from the apical margin 
towards the base of the wing, so that there remains a hyaline margin. 
These narrow apical markings may possibly be the origin of the apical dark 
area. In /eucoptera, pryzri and arakavae this apical crescentic mark is usually 
present* and there occurs an indefinite short streak (Pl. XXXVI.. figs. 8, 
14, 16). Again in some examples of leucoptera and pryert two or three, or 
sometimes more, irregular patches are found in the place of the streak (Pl. 
XXXVI, fig. 13). In pryeri subsp. major (Pl. XXXVL., fig. 12) these patches — 
unite with one another, so as to form an incomplete, broad, apical dark area, 
enclosing certain hyaline patches within. In this way the typical dark area 
found in klugi, japonica, ete. may possibly be formed. The apical dark area 
of communis resembles the form just mentioned. In wormaldi, multifasciaria, 
striata and hakusanensis the apical dark area is formed in quite another 
way; in wormaldi and multifasciaria the apical portion bears three striz 
between the costal and posterior margins, one of which is furcate in the 
lower half; in striata and hakusanensis there are two strixe, another one 
found in wormaldi and multifasciaria being reduced to a posterior marginal 
patch in striata, and entirely wanting in hakusanensis. ‘These two or three 
strize correspond to the apical dark portion of other species. 

In nikkoznsis the apical crescent is modified into an elliptical mark placed 
at the very apex of the wing (Pl. XXXVL., fig. 4). In gokaensis and bicor- 
nuta this elliptical mark is strongly pronounced and shows a tendency to move 
anteriorly.t In takenouchit there is a rather anteriorly placed apical patch ; 
it is sometimes elliptical and sometimes irregular, being formed by two con- 


* In some forms of leucoptera it is often obsolete. 
t Sometimes absent in bicornuta. 


STUDIES ON THE MECOPTERA OF JAPAN. 315 


joined spots. Besides, there is another supplementary spot in this species 
at the posterior margin, separate from the patch just mentioned. Levisi has 
without exception a prominent apical elliptical mark placed slightly towards 
the anterior margin (Pl. XXXYV., fig. 16). In ochraceopennis the apical mark 
has the form of a semi-circle and is placed slightly forward, more slightly, 
however, than in the preceding species. In klugi, japonica, rectifasciata, 
trizonata and others the apex is broadly tinged with black in the form of a 
semi-circle and usually not placed forward. 
b. Changes in the inner edge. 

The inner edge of the apical dark area is highly variable. In klugi it 
is sometimes even (Pl. XXXVIL, fig. 13), sometimes sinuous (Pl. XXXV., fig. 
14) and occasionally there is a small notch (Pl. XXX., fig. 13). In japonica 
the edge is usually slightly sinuous and in rectifasciata usually almost entire, 
though exceptions can occasionally be found. In ochracea, typical klugi, 
obscura and trizonata, the edge is slightly concave beyond the middle of the 
wing. The concavity is sometimes very prominent in the last species. In 
lewisi the edge is always straight and oblique. In ochraceopennis, dif- 
ferently from klugi and japonica, the notch usually occurs anteriorly before 


the middle of wing. 


3. SUPPLEMENTARY MARKINGS. 


Besides the markings above described, there are in some species sup- 
plementary markings in the area between the pterostigmatal fascia and the 
apical dark portion (the area external to the fascia) and in the area between 
the fascia and the base of the wing (the area internal to the fascia). They 
are generally developed much more distinctly in the fore than in the hind 
wing. 

a. Markings in the area external to the pterostigmatal fascia. 

The markings in this area can be considered partly as a portion of the 
the apical dark area and partly as a fureate portion of the pterostigmatal 
fascia. Thus, as already explained, all the strive (except one) of the outer area 
of cornigera (in rare examples), pryeri, leucoptera, wormaldi, striata, arakavae, 
hakusanensis and multifasciaria would be transformed into the ordinary apical 


dark portion, if we imagine them to enlarge and fuse together. Moreover, 
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this actually takes place in some specimens of pryeri subsp. major (Pl. XXXVL., 
fic, 12), so that an incomplete apical dark portion is formed. The single 
remaining stria at the posterior margin situated nearest to the pterostigmatal 
fascia may be considered as a furcate portion of the fascia, since by produc- 
ing it forward we obtain a form of furcate fascia, which actually occurs 
occasionally in certain examples of these species. In the apical patches of 
takenouchii we see the relation still more clearly. A similar case is also 
found in pryert subsp. major with pronounced markings. In some forms of 
klugi (Pl. XXXYV., fig. 11), japonica (Pl. XXXYV., fig. 1, 3) and many others, 
there is only a small marginal spot between the fascia and the apical dark 
portion. This is of course the remainder of the fureate branch of the ptero- 
stigmatal fascia, as its history can easily be traced in series of each species 
(see Pl. XXXV., figs. 1, 3, 5,6 and Pl. XXXVIL., figs. 29-34), 
b. Markings in the area internal to the pterostigmatal fascia. 

Though in certain forms of cornigera, klugi (subsp. nipponensis) and 
ochraceopennis, and in all forms of rectifasciata, obscura and lewisi there are 
no markings found in this area, other species commonly have one, two or 
more patches or striz in the area, and these patches are highly variable 
both according to species and to individuals. As these markings have usually 
no connection* with the pterostigmatal fascia I am inclined to consider them 
to be of different origin rather than derivatives of the pterostigmatal fascia. 
In fact, in gokaensis and trizonata there is another complete fascia correspond- 
ing to these markings in the area internal to the pterostigmatal fascia. 

These markings in the area can broadly be classified into three groups :— 
1. Markings along the costa or radius; 2. markings along the posterior 
margin or media; 3. anteroposterior markings parallel to the pterostigmatal 
fascia. In some forms of cornigera and nikkoensis the markings of the first 
group only are present, i.e. a square patch between sc. and 7,. and a trian- 
gular patch at the juncture of the radial seetor. In cornigera this first patch 
is occasionally developed into a streak. In pryeri and in typical leucoptera, 
besides the well developed markings of the first group, those of the second 
are also partly developed, either in the form of a streak on the median vein 


* Very rarely in ochraceopennis and japonica are these markings connected with the ptero- 
stigmatal fascia, 
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or in the form of a patch at the posterior margin, In wormaldi, striata and 
multifasciaria the markings of the first and second groups are well developed ; 
those of the first group are developed just as in prye7vi, or more pronounced 
(in this case there is a rather broad streak along the stalk of the radius), 
and the second group includes, besides the markings of pryeri, another more 
internally placed patch, between which and the base of the wing a broad, 
rather irregular, marginal fascia is found. In bicornuta the markings of the 
first group only are developed in full; in this species the costal area includ- 
ing the stalk of the radius is tinged with black from the base to the end of the 
subcosta, the spot at the juncture of the radial sector being enclosed within. In 
hakusanensis those of the first group are developed just as in bicornuta, but it has 
moreover, markings of the second group rather allied to that of pryeri. Ara- 
kavae much resembles the former species but the markings are rather irregular 
and those of the first group are less developed. In takenouchii both those 
of the first and second groups are well developed in the form of three large 
patches at each margin. 

Markings of the third group which run anteroposteriorly, may be found 
usually in japonica (Pl. XXXV., figs. 1, 2,3,5,6), in which a somewhat 
quadrate spot occurs anteriorly between 7,. and 7,. and posteriorly between 
cu. and cu, Of the two spots the posterior one is usually larger than the 
anterior. In /lugi, the anterior one is usually smaller than the posterior 
one, and often becomes obscure (Pl. XXXVII., figs. 29, 30, 31). In the 
subspec. guadrimaculata (Pl, XXXV., fig. 12; Pl. XXXVI, fig. 34) the 
posterior spot is much larger and of quadrate form, and is connected with 
the anterior one by a streak. In puilchra (Pl. XXXYV., fig. 4) the two spots 
are always present, which unite with each other so as to form an irregular 
fascia, and another spot or series of two spots is placed still internally. I 
call this latter series “inner series” in contradistinction to the former ‘ outer 
series.”” The anterior spot of the inner series usually happens to unite obliquely 
with the posterior one of the outer series, so that they represent an irregular 
form of Y. Besides, a posterior marginal spot is occasionally present still more 
internally, which is sometimes very large and occupies the posterior half of 
the basal area (see Pl. XXXYV., fig. 4.). In communis the outer series and the 


anterior spot of the inner series and another still more internally situated spot 
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are usually present, and often the posterior one of the outer series is conjoined 
with the anterior one of the inner series, so as to form an incomplete oblique 
fascia just like that of the last mentioned species. The occurrence of a com- 
plete internal fascia may be seen in gokaensis and trizonata (Pl, XXXYV., figs, 
17, 18; Pl. XXXVI. fig. 3). In the former species it is confined to the fore 
wing, and no other spots are present. In the latter species it occurs in both 
wings, and usually there is a costal spot between the internal and the ptero- 
stigmatal fascia (Pl. XXXYV., fig. 17). This spot is also present in pulchra. 
Sometimes, however, the spot is obsolete in trizonata (Pl. XXXV fig. 18). 
Finally there remains the question whether the irregularity of the inner 
margin of the pterostigmatal fascia in ochraceopennis is due to the coalescence 
of the above mentioned supplementary series of spots with the fascia, or 
whether the fascia itself has become rugged. This cannot be easily solved; 


but the latter assumption is in many cases very serviceable. 


4, ‘THINNING OF THE COLOUR AND F'ENESTRATION 
OF THE MARKINGS. 


Under the various circumstances in nature, great variability in the in- 
tensity of the colours of the wing-markings may occur among many species. 
Thus in pryeri, leucoptera, klugi, gaponica and many others, the wing-mark- 
ings are often paler but are occasionally blackish to piceous or piceous to 
testaceous. In wormaldi, however, they are always paler than in other 
species, 

In the description of macrogaster, of which I have unfortunately not 
seen a specimen, M‘LAcHLAN says that the pterostigmatal fascia and the 
apical dark area are traversed longitudinally by a pale line between each of 
the veins, so that it appears fenestrate. Though I have not yet met with a 
specimen with completely fenestrate wing-markings, still I have some speci- 
mens of japonica, pulchra and klugi, in which the markings are fenestrate 
in the posterior half of the wings (see Pl. XXXV., figs. 4, 5, 6). I am 
therefore of the opinion that the fenestration of the wing-markings is not suf- 
ficient ground for regarding macrogaster as a distinct species, so long as 


other characters are not essentially different from those of japonica. 
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5. YELLOWISH TINGE oF WHNG. 


Certain species of Panorpa, such as klugi, lewisi, ochracea, ochraceopen- 
nis, obscura and trizonata, are remarkable for the yellowish or testaceous 
tinge of their wings. Though this tinge is considered as one of the charac- 
ters of these species, it sometimes disappears in them and occasionally 
appears in other species. Thus in some forms of japonica, communis, recti- 
fasciata, pryeri, leucoptera and very rarely even in cornigera, the wings are 
tinged with a light yellowish colour, which is more strongly developed in the 
fore than in the hind wing. But as such cases are comparatively very few 
Wwe may consider them as anormalities, and we can broadly classify our 
Panorpa by the tinge of wings. 

The pterostigma is in most species opaque or more deeply tinged than 
the ground colour, and often is easily recognized at a glance, while in some 


forms of klugi it is not remarkably different from the ground colour. 


6. PHYLOGENETIC CONCLUSION. 


Looking over the wing-markings of our Panorpids, we are struck on the 
whole with the fact that they may be classified into two groups, viz. 1. The 
group in which the apical dark portion is incompletely developed, that is, 
represented by one or more patches or streaks, or often entirely absent, and 
the pterostigmatal fascia rather narrow ;* 2. The group in which the apical 
dark portion is completely developed and the pterostigmatal fascia rather 
broad.t 


Group 1. 
cornigera, communts, gokaensis,t galloisi, 
arakavae, sauteri,t bicornuta, hakusanensis, 
pryeri, wormaldi, leucoptera, striata, 
multifasciaria, takenouchii,§ nikkoensis. 


* In gokaensis the fascia is rather broad, as in klugi. 

+ In lewisi the fascia is entirely wanting. 

t Ihave not yet seen the specimen; it is very difficult to judge its position from the de- 
scription and the figure given by PErrersEn. 

§ ‘Some specimens bear the character of the second group, 
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Group 2. 
Jormosana,* ophthalmica,* japonica, pulchra, 
rectifasciata, sachalinensis,* klugt, trizonata, 
ochracea, obscura, ochraceopennis, lewisi. 


Speaking generally, in the first group the wing-markings are variable in 
many Ways, while in the second group the elements of the markings are fixed. 
And as in the first group many primitive wing-markings are found, we 
have reason to consider it to be more primitive than the second, which must 
have naturally arisen from the first. 

Now in the first group, the species that has the simplest markings is un- 
doubtedly galloisi, which may be considered as the original form of our Panorpa, 
as far as the wing-markings are concerned. Next probably comes cornigera, 
as certain forms of it have wing-markings as simple as those of galloisi. 
Next to this probably pryeri, as some forms of cornigera with pronounced 
wing-markings are very closely allied to pryeri, with less developed wing- 
markings. Here, however, lies a gap between the two species, i. e. the dif- 
ference in the venation detected by M‘Lacuian. . However, even this, as 
already explained, shows a gradual transition from cornigera to pryeri in ac- 
cordance with the markings. 

Pryeri itself is a very variable species, so that it is rather convenient 
to consider it as the central type of the first group. When its markings 
become obscure and interrupted, lewcoptera would result. And if the inter- 
rupted markings of the latter become enlarged, certain forms, with less pro- 
nounced markings, of takenouchii (and probably sauteri as well) will be for- 
med. And again if the interrupted wing-markings of leucoptera remain only 
at the anterior costal region, something closely resembling nikkoensis would 
be obtained. 

On the other hand, the addition of many fine striae to the apical part 
of the wing-markings of pryeri would result in such forms as striata, wor- 
maldi and multifasciaria. The phylogeny of most species of the first group 
is thus traceable. Of the remaining species communis, gokaensis, arakavae, 
hakusanensis and bicornuta, the first one cannot be directly connected with any 
species, though somewhat allied to cornigera. Arakavae can be formed by 


* Judged only from the description and figure. 
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adding some striae to cornigera. Bicornuta may be easily deduced from 
cornigera, by a suffusion of the costal half of the wing with black. A gap 
in venation occurs again between these species, but it can be easily filled in 
the same manner as in the case of cornigera and pryeri above mentioned. 
Hakusanensis can be formed by adding some striae to bicornuta, Finally 
gokaensis also can be formed from cornigera by the addition of an .internal 
fascia in the fore wing. 

The second group we can again divide into two sub-groups, according as 
wings are tinged or not. 

Sub-group a. Wings with ochreous or testaceous tinge : 

ophthalmica, klugi, trizonata, ochracea, 

obseura, ochraceopennis, lewisi, 

Sub-group b. Wings colourless, or slightly coloured towards the base : 

japonica, rectifasciata, pulchra. 

In the second group I take A/ugi as the central type, because it is the 
most variable of all and many species can be derived from it, though the 
presence of ochreous tinge in the wing makes this slightly hazardous.* 

The pterostigmatal fascia of klugi has two tendencies, one to be sharply 
defined on both its edges, and the other to be furcate on the outer edge. If 
the former tendency obtained and the colouration be preserved, typical klugi 
and ochracea would result, and from the latter obscura can be derived. If the 
latter tendency obtained and the supplementary markings be strongly devel- 
oped, so as to form an internal fascia, a form like ¢rizonata would be produced. 
Lewisi and ochraceopennis are rather modified forms. However, we can connect 
klugi and ochraceopennis in certain ways, and if the pterostigmatal fascia 
should disappear in the latter species we should obtain lewist. The form of 
klugi with fureate fascia would lead to japonica, if the tinge of the wing be 
lost. Again, if the fureation of the pterostigmatal fascia and accessory spots 
of japonica be lost, a form of rectifasciata would be produced. Let the mark- 
ings of japonica be fenestrated, and we get a feature of subspee. macrogaster., 
Tf supplementary markings are developed in japonica forms of pulchra would 
result. Thus we see that in both coloured and hyaline groups markings 
develop in an almost similar way, since the supplementary markings happen 


* Occasionally in klugi the ochreous tinge disappears, 
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to develop so as to form the internal fascia in both groups, although in the 
hyaline group it is very irregular and not perfect as in the coloured group. 

I cannot treat here of ophthalmica, formosana and sachalinensis, because 
Thave not yet seen any specimen. However, their markings may in certain 
ways be formed from the klugi type. 

The connection between the two groups above dealt with is rather dif- 
ficult to trace. Though it is highly probable that group 2 originated from 
group 1, yet the direct connection of the two groups cannot be actually 
detected, as there is a small but distinct gap between them. Nevertheless 
pryecri of the first group and klugi of the second group can be connected in 
certain ways; but the result is not satisfactory and further study is necessary. 

The following summary shows the modes of differentiation of wing mark- 
ings in our Panorpa. 

I. Formation and modification of the pterostigmatal fascia. 
a. DPterostigmatal spot developing anteroposteriorly so as to form’ 
the fascia. 
b. Widening of the fascia. 
c, Fureation on the edges of the fascia. 
d. Straightening of edges. 
HJ. Formation and modification of the apical dark area. 
a. Occurrence of spots or striae at the apical area, 
b, Uniting of spots or striae into the apical dark area. 
c. Changes in the internal edge. 
d, Change of position of the apical dark area, 

III. Development of supplementary markings. 

a. Development along the anterior or posterior margins, or the 
veins, of the wing. 
h 


Development anteroposteriorly from the costa to the posterior 
margin, 
IV. Formation of patches by interruption of stria or formation of stria 
by union of patches. 
V. Ochreous tinge of wings. 
VI. Coalescence, interruption, complication and separation of constituents 


of wing-markings. 
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Lastly I have drawn up the following phylogentic diagram of our species 
based on the above explained facts. (Hormosana, ophthalmica and sauteri, of 


which I have not yet seen any specimen and which are imperfectly known 
to me, are omitted). 


Phylogeny of wing-markings of Panorpa : 
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7. WiunGc-MARKINGS OF PANORPODES. 


Panorpodes paradoxa (Pl. XXXVI, fig. 1), the common species in Japan, 
has no wing-markings, and the pterostigmatal region is opaque or shaded 
slightly deeper than the ground colour. In some specimens it becomes still 
deeper, and in subspec. stigmatica the pterostigmatal region is tinged with 
piceous. This may possibly be the origin of the wing-markings in this 
genus; similar facts have been observed in Panorpa. On the other hand in 
naevia there occurs an apical dark margin, which is the origin of the apical 
marking. Next, as in fore wing of decorata subspec. singularis and both 
fore and hind wings of ‘subspec. limbata, there occur three spots—one on the 
pterostigma, the next on the costa internal to the pterostigma and the third 
on the posterior margin. In certain forms of limbata there occurs another spot 
in the middle of the hind wing between the above stated anterior two spots, 
and the posterior one. The above stated three (or four) spots develop further 
to meet in the middle of the wing in the form of a Y, as is seen in certain 
forms of limbata and rarely in singularis, Further, some irregular supplemen- 
tary markings may occur besides the above mentioned markings and lead to 
the typical form of decorata. Confusa is easily derived from typical decorata. 
Notata is a form rather different from any of the above stated species. How- 
ever, let the outer and the posterior spot of the above mentioned three spots 
be preserved and another subapical fascia added, a form closely allied to 
notata would be obtained. 

The phylogeny of the species of Panorpodes, so far as can be made out 


from the wing-markings, may be represented as follows :— 
Panor podes : 


naevia, 


paradoxa 


subsp. stigmatica, 


subsp. singularis. 


subsp. limbata notata. 


decorata subsp. confusa. 


oo 
bo 
or 
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V. Habits. 


1. Panorpa. 


The habits of Panorpa klugi I have already descrihed in detail in my 
former paper,* and here I give only a brief account of the habits in general. 

Panorpas are generally found in shady places, resting upon a leaf, the 
males bending up their terminal three segments; now and then they clean 
their antennae with their fore legs in a curious manner. They are also seen 
frequently elevating and depressing their wings alternately. They are rather 
dull insects and one can capture them without difficulty. 

The economic value of the preying habit of Panorpa was long overesti- 
mated by entomologists both in Japan and abroad. Kirpy and SPENCE quoted 
in their “ Entomology ’’+ Lyonnet’s observation on Panorpa communis, which 
was found attacking a dragon-fly of ten times its own size. Even M‘LacHrAn, 
honoured authority on Mecoptera, writes: ‘The perfect insects are active 
and predaceous, living on other insects, which they pierce with their long 
rostrum ; with this instrument they will also inflict a sharp and momentary 
painful wound on the fingers, when incautiously handled.”’{ PovuLTons 
tabulates Panorpas as preying upon a dead worm, Bibionid fly, Empid fly, 
Telephorid beetle, ete., and Lucas|| tells us, he has seen the fly feeding upon a 
white grub. In Japan Prof. Matsumura, Mr. ONuKI and others have described 
Panorpa as preying upon living insects. However, in these examples, except 
that of Lyonner and M‘Lacunan, it is not stated that they were seen to 
catch their prey, so there is a possibility that they were feeding upon dead 
or injured insects. 

An American author, Frur,‘] says on this point: “ It-is possible that 
Panorpa does attack and kill its own prey....yet they were not yet seen to 
touch a living, uninjured animal of any kind, and they were seen a number 


“ Miyake: Journ, Coll, Agr. Imp. Uniy. Tokyo, vol. iv., No. 2, pp. 117-139; pls. xiii, xiv 
(1912). 
+ Kresy and Sprenss: Entomology vol. ii., p. 253 (1828). 

{ M‘Lacuuan: Trmons. Ent. Soc, Lond., 1868, p. 214. 

§ Povunron: Trans, Ent. Soc. Lond., 1906, p. 402. 

|} Lucas: Ent., vol, xliii., No. 566, p. 186 (1910), 

1 Ferxr: Tenth Report. Inj. Ins, State, N. Y., p. 467 (1895). 
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of times in nature feeding upon partially decayed insects: neither the man- 
dibles nor the maxillae of this insect are well adapted to piercing.” Recent- 
ly Campron* reports Panorpas as feeding upon several dead insects and 
concludes that: ‘“ Although the timid scorpion-flies are undoubtedly carnivorous 
insects, they feed upon dead animal matter and do not catch and devour 
living prey.” As far as my own observations go I can state that Panorpa 
does not attack nor touch living insects. This agrees well with the statements 
of Frnt and Campion and may possibly be the truth. It is also very clear 
that Panorpa feeds upon other animal matter besides insects. This fact has 
not only been reported by many authors but also was confirmed by me. 
Consequently its economic value appears to be less than one might imagine, 

Panorpa klugi destroys the petals of a sweet-william catchfly and feeds 
upon other vegetable matter as mentioned in my previous account of this insect, 
which observations I have repeatedly confirmed. Last year (1912), I saw, on 
Mt. Akagi, many scorpion-flies (P. /wgi) swarming about a shrub and eagerly 
sucking its juicy fruits. 

So far as I could observe in P. klugi, the food of the larva does not 
materially differ from that of the imago, except that it has not the vegetable 
feeding habit of the latter. 


2. PANORPODES. 


Panorpodes appears to be weaker and less active than Panorpa, I 
have repeatedly tried to rear it in captivity, but always failed, although I 
was fully experienced in feeding Panorpa and even Bittacus, they having 
lived over a month under my care. Several Panorpodes were seen to die on 
the day of capture or on the next day, and I only twice succeeded in keep- 
ing them alive three days. The main cause of death was due to the want 
of food, beeause the food, such as living or dead insects, pork, beef, fish, ete., 
that I fed Panorpa upon, they would not eat. Whether the species I ex- 
perimented with are carnivorous appears doubtful. 

Panorpodes are usually found in mountainous places, not only on the 
leaf, like Panorja, but also on the rock or on the ground. Mr, YAno of the 


Imperial Forestry Experiment Station saw at Kita-akita-gun, Ugo, June 8, 


« Campion: Ent., vol. xlv., No. 594, p. 322 (1912). 
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1912, many of the insects swarming around a lamp in the night, attracted 
by the light. He brought me seven specimens, which were all males of 
Panorpodes paradoxa, It therefore appears that Panorpodes has a phototaxic 


character. 
3.  BYrracus. 


Bittacus prefers still more shady places than Panorpa, It does not usual- 
ly rest upon a leaf like Panorpa, but it suspends itself from a branch or a 
leaf by its long fore legs. Occasionally, however, it uses only one leg or the 
middle pair instead of the 
fore. In those cases its 
body hangs down, the 
head extended forward 
with a slight downward 
inclination. The wings 
are drooped alongside the 
body, the middle femora 
stretched laterally and the 


hind femora hang almost 


vertically, while the tarsi 
are anteriorly curved. If / 

a wind blows or the Text-figure 6.—Natural position of Bitlacus nipponicus. 
branch is moved it waves 2 a 

like a pendulum. It remains in this position for quite a long time. If a 
small insect, such as a house-fly, comes within the reach of the insect it tries 
to seize it. For this purpose the fourth and fifth tarsal joints are armed with 
special teeth, the fifth closing down upon the fourth (see page 278 and also. 
Pl. XXIX., figs. 12-a,12b; 13a, 13). If one trial fails it instantly makes 
a second or third; if it does not sueceed and the prey flies away it usually 
resumes its calm attitude, and very rarely does it pursue its victim. When 
the insect is caught its body is soon pierced and sucked dry. When the 
feast is- ended it lets fall the corpse of the unfortunate victim, or not in- 
frequently holding the lifeless body with its hind legs it hangs down quietly as 


usual. Possibly this is done to allure the opposite sex, for I have seen females 
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come and try to take away the bait, whereupon the male attempted to capture 
the female. Copulation may take place by the insects facing each other ventral- 
ly, both suspending from the branch with their abdominal extremities in 
contact.* The oviposition is, so far as observed, like the European and 
American species, simply dropping the egg on the ground one by one at 
random. In one case however I have seen a female alight on the ground 
where I found a few eggs after it departed. 

Though Bittacus is reported by many authors to touch nothing but living 
insects, this is not, as far as our species are concerned, without exception. 
Of course living insects are its main food, still it will often devour dead flies 
or suck decayed leaves, soil, and sometimes a drop of water. Moreover, I 
have once seen Bittacus attack its own dead as Panorpa does. Bittacus ap- 
pears to avoid excessive moisture and when kept too moist a fungus seems to 
attack the legs, which then become entaugled and the insect soon dies, being 
unable to move. When a number of Bittacus are placed in a cage, with 
excessive moisture in and around it, they soon entwine their legs with one 
another and drop down upon the ground and die. The most common species, 
Bittacus nipponicus, captures house-flies or other insects of equal size, but it 
does not attempt to capture the larger insects such as Sarcophaga, Ervstalis, 
bees, etc., nor smaller insects like mosquitoes ete. In this it differs greatly 
from the Australian species (Bittacus australis) which is reported by Jarvist 
to capture and prey on bees and a day-moth (Phalaenoides tristifica). 


VI. Life-History. 


The life-history of Panorpa klugi I have already published in my former 
paper.t The egg of Panorpa klugi is fuscous yellow, with net-like depressions. 
Length 0.9-0.97 mm.; width 0.59-0.75 mm. The egg hatches out on the eighth 
day after deposition. The newly hatched larva is creamy white with very re- 
markable pinkish eyes ; length 3-6 mm. It has biting mandibles and maxillae 


with four-jointed palpi. The antenna is four-jointed. The prothorax bears dor- 


* In one case I have seen the two insects in copulation on a vertical wall, their bodies 
were placed quite in opposite directions from each other, touching only at their abdominal ex- 
tremities. 

+ Janvis: Sci. Nat. Study, Dec. 7; p. 18 (1912). 

t Mryaxe: Journ. Coll. Agr. Imp. Uniy. Tokoyo, vol. iv., No. 2 (1912). 
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sally a very prominent chitinous transverse shield. The remaining segments 
each bear an elliptical shield. Each shield bears typically a pair of large, two 
smaller and a pair of still smaller setae. The large setae on the first to the tenth 
abdominal segment are pilose and annulated. The last abdominal segment 
bears only a single median seta. Each thoracic segment is provided with a 
pair of cylindrical jointed legs, and the first to the eighth abdominal segment 
each have a pair of cylindrical prolegs, so that the larva has eleven pairs of legs 
in all, On this point it bears a great resemblance to the Tenthredinid larva. 
After the first moult the annulated setae of the first to the seventh abdominal 
segment are reduced to mere rudiments. After moulting seven times (prob- 
ably) in fifteen days it becomes full grown. The larva is now slightly fuscous 
tinged with a rosy colour. The larva, like the adult, is carnivorous and preys on 
meat, wounded insects, ete., but does not seem to attack healthy living insects 
so far as I observed. The last stage lasts for several days, and the larva begins 
to burrow deeper into the ground, making a small cell of earth. It lies rolled 
up in it until it pupates. The pupa is of the type of Pupa libera. The 
entire body is curved first ventrally and then dorsally. The compound eyes 
are large and three ocelli indicated. The antennae are long, filiform, consisting 
of 42 or more joints. The mouth-parts are rather similar to those of the larva 
but more elongated. Three long thoracic legs are present. Two pairs of 
spatulate wings are found on either side of the body. The abdomen. is conical, 
the terminal segment differs in sexes like in the adults. In the male the 
cheliferous segment and chelae are not distinctly differentiated. The pupal stage 
lasts for six or seven days. Panorpa klugi has two generations in a year; it 
passes the winter in the larval form within the cell under ground, and pupates 
at the end of April or beginning of May, and the perfect insect appears in that 
month. This insect lays eggs which soon hatch out, and the larvae pupate at 
the end of July or beginning of August and shortly afterward the adults of the first 
generation appear. The newly emerged insects deposit the eggs at the end of 
August or in September, and the larvae hatched therefrom attain maturity at the 
middle of October and pass the winter. These appear as adults in May of the next 
year. Some other species, such as japonica, trizonata, pryeri, ete. very probably 
have similar life-histories. There may also be certain one-brood forms, since 


I have seen wormaldi only at one definite season (May or June) of every year. 
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In the breeding of Panorpodes I have repeatedly failed; I could not 
obtain its laid eggs. However the matured eggs contained in the ovary are 
yellowish and oval with the length 0.65-0.78 mm. and width 0.43-0.56 mm. 
The insect has almost certainly only one generation in a year. In the vicinity 
of Tokyo it appears in June and July and in mountainous places in midsummer. 

Of Bittacus I have succeeded in obtaining eggs from B. nipponicus. 
They are subcuboidal and reddish brown; chorion is granulate (Pl. XXXIL, 
fig. 8). Length 0.91-0.95 ; width 0.78-0.82. They are therefore larger than 
those of the American species (B. strigosus and pilicornis), of which Frur 
describes the length as 0.8125 mm. and the width as 0.6875. It passes winter 
in egg-state and very probably hatches in the following spring and pupates 


in June. Imago appears in July* and lives until August. 


Part II. SYSTEMATIC. 


Of the Mecoptera of Japan, including Formosa, Corea and Sakhalin, more 
than forty species have hitherto been described. As the chief criteria of 
distinguishing each species the wing-markings were generally used. These, 
however, being highly variable, some authors directed their attention to other 
characters, thus RAmBuR attached considerable importance to the number 
of teeth in the claws, and M‘Lacuuan depended chiefly upon the male genital 
ventral appendage. Claws are, as far as I have observed, subjected to much 
variation, like the wing-markings, and can never be trusted. The appendage, 
however, appeared to me to be rather fixed in each species, until my breeding 
experience of Panorpa klugi showed me, that even the forms of the appendage 
may vary amongst individuals of the same species; also different methods of 
preservation and degree of maturity cause a certain amount of modification to 
them. Being so, it is an extremely difficult thing to find out a fixed standard 
in Mecoptera for taxonomic purposes. 

If we study the range of variation of the wing-markings with respect to 
each species, they represent certain typical characters peculiar to each 
species, which can, to a certain extent, be utilized for taxonomic purposes, 


Likewise in the forms of claws—though the number of teeth in claws cannot 


* There is a certain species (probably new) which appears early in May. 
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determine each species respectively, when taken together with other characters, 
such as the curvature of claws, forms of teeth, ete., often give very valuable 
aid to taxonomy. Further, the number of branchlets of the first branch of 
the radial sector, which ENDERLEIN adopted in distinguishing genera, furnish, 
to a certain extent, an additional character to each species, so that they also 
should be taken into consideration. 

For these reasons, I have in the following descriptions regarded all these 
characters and endeavoured to sum up these peculiarities relating to each 
species. I then studied the modes of variations in these peculiarities, and 
after this I settled the typical character of each species. By this method the 
number of species hitherto described from Japan were reduced to 39 species, 
These together with four species and five subspecies, which I consider to be 
new to science, are tabulated and described in the following pages. 

Even these results are very far from satisfying me. The distinct de- 
termination of species must be based on the life-history and the anatomy 
of genitalia (of male) of each species, For the former my knowledge is still 
imperfect, and for the latter some species are not represented in sufficient 
number in my collection to enable me to make the necessary dissections. 

As genera occurring in Japan I have adopted four—Panorpa, Panorpodes, 
Leptopanorpa and Bittacus, though besides these, Aulops, Campodotecnum and 
Diplostigma have also been erected for our fauna, Of these latter genera, 
Aulops is, as stated before, to be included in the genus Panorpa; Campo- 
dotecnum cannot be proposed at least for any of our species, even if its generic 
value be recognized, which is in fact very doubtful, since only one character 
seems to be peculiar to the genus. The characters of Diplostigma are too 
insufficient to enable me to recognize it as a distinct genus. 

Almost all authors have hitherto accepted all our species as belonging 
to a single family, that of Panorpidae. M‘Lacuian and ENDERLEIN’S proposal 
of two families seems to me rather unnecessary. I regard them as subfamilies 
in this paper. 

The body colour of Mecoptera is different in living and dead specimens, 
especially, the colour of the pleural and intersegmental membranes, which often 
gives to the specimen a quite different appearance after death, ‘The colours men- 


tioned in the following descriptions are exclusively those of the dried specimens. 
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The ground colour of wings happens also occasionally to vary, though it 
is usually fixed in each species, consequently the use of it in taxonomy is apt 
to lead to faultiness of description. However, as it is broadly fixed, I use it, 
for convenience, in the key to the species of Panorpa. 

The morphology of claws which are described under each species was 
based on observations of the left-side claw of the left fore leg. Of course, in 
different individuals as well as in the different legs of the same individual 
there are often some variations, so that what is stated beyond, relating to 
claws, should not be too much relied upon. 

Of the four genera occurring in Japan, the genus Leptopanorpa is still 
unknown to me; I have not yet obtained any specimen, nor have I seen any 
in Japan. There are also four species in Panorpa and one in Panorpodes, 
which are only known to me through descriptions. For these I have 
reproduced their original descriptions. 

The interesting genus Boreus which occurs in Europe and America has 
not yet been found in Japan, though our country is very rich in Mecoptera. 
I have often searched for it, but in vain, so that possibly it does not occur in 
this country. 

The genera and species of Mecoptera occurring in Japan are as in the 


following table :— 


Systematic List of Genera and Species 


described in this Paper, showing their Geographical Distribution. 


a Localities. 


Species. — 


Hokkaido 
Honshiu 

| Kiushiu, 
Formosa 
Other 
Localities 


Family PANoORPIDAE. 
Subfamily Panorpinae, 
Genus Panorpa. 


1. Panorpa cornigera M‘Lach. x im Siberia} 
subspec. fulyicaudaria n, subsp, x 

PA 1h communis L, x x x Europe 

AB ee gokaensis Miyake, “x 


* According to Prof. Matsumura. 
+ According to Prof. Navas. 
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ye Localities, 3 Z g 8 
Species. ok. 3 iS | 3 8 
4, Panorpa galloisi Miyake. x 
Dae. arakavae n. sp. x 
(Let ophthalmica Navas. x 
ener formosana Navas. 
& PF. sauteri Peters, x 
on PR. japonica Thunb. x x* 
subspec. macrogaster M‘Lach, x 
10s pulchra Miyake. x x 
Nie eG rectifasciata Miyake. x 
12. “P: sachalinensis Mats. Sakhalin 
UG} Bee bicornuta M‘Lach, x x 
4, P. hakusanensis n. sp. x 
15 oe, pryeri M‘Lach. x x * 
subsp. major Miyake. x 
16S: leucoptera Uhl. x 
irs adh wormaldi M‘Lach. x 
ish 12% striata Miyake. x? 
19S BP: multifasciaria Miyake. x x 
20: P. takenouchii Miyake. x x x x? 
al BP: nikkoensis Miyake. x 
22. P. klugi M‘Lach. x x* 
subsp. nipponensis Navas. x 
»  drouarti Navas. x 
» maculata n. subsp. x | 
»  quadrimaculata n, subsp. x 
Pap leh trizonata Miyake. x | 
24, P. ochracea Miyake. ~ | 
20, PB. obscura Miyake. x 
26; PB. ochraceopennis Miyake. x 
ai; PB. lewisi M‘Lach. x 
Genus Panorpodes 
28, Panorpodes paradoxa M‘Lach. x x 
subsp. stigmatica n. s.p. x 
ao. ies naevia Navas. x 
30. P. decorata M‘Lach. | x 


* According to Prof. MarsumuRA. 
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Localities, 3 z 5 u & g 
Ee A | a g Sele 
Species. ° S a = S 3 8 
mi ee ss 7 i lex ©. 
subsp. singularis Miyake. x 
subsp. limbata (Navas). x 
F confusa n. s.p. x 
31. Panorpodes notata Navas, x 
Genus Leptopanorpa 
32. Leptopanorpa ritsemae M‘Lach, x? 
33. L. sieboldi M‘Lach. xP 
Subfamily Bittacinae. 
Genus Bittacus. 
34, Bittacus nipponicus Navas. x 
35. B. laevipes Navas, xr ice 
36. B. sinensis Walk. x? < x* | China 
av. B. quaternipunctatus End. Corea 
38. B. takaoensis n, sp. x 
39. B. marginatus n. sp. x 
Species insufficiently known. 
40. Panorpa hageni Navas. x 


ORDER MECOPTERA. 


Head prolonged into a deflexed rostrum, with the mandibulate mouth- 
parts at the apex. Wings four, elongate, subequal, naked, with venation 
almost of the typical form, connected by numerous cross veins. In a few 
cases wings are absent or rudimentary. Proventriculus internally arranged 
with special setae. Metamorphosis complete; larvae caterpillar-like, with 
eleven pairs of legs. 

A single family present.t 


Famity Panorpide. 


Antenne filiform or submoniliform; three ocelli usually present; rarely 


absent; mandibles elongate with sharp teeth at the apex ; maxillae bilobed, with 


* According to Prof. MarsuMURA. 


+ Some authors propose two families :—Panorpidae and Boreidae by M‘Lacutan; Panorpidae 


and Bittacidae by Enprrer ; etc. 
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the five-jointed palpi. Prothorax narrow. Legs slender, the coxa with another 
supporting piece. Wings mostly marked with black; in repose folded longi- 
tudinally, roof-shape. Male with appendages on the genital segment. 


SuspFaAmMILy JI, -PANORPINAE. 


Cu,. partly fused with the media only in the hind wing; claws paired. 


Key to the genera occurring in Japan. 


A. First abdominal segment modified. 


a, Claws ventrally with sharp teeth, .. .. .. ..Panorpa. 
b. Claws ventrally without teeth. .. .. .. .. ..Panorpodes. 
B. First abdominal segment unmodified... .. .. .. Leptopanorpa. 


Genus Panorpa Linnaeus (1758). 
Aulops Enderlein (1910). 


‘Antennae long; rostrum moderately pointed. Wings moderate, usually 
with the pterostigmatal fascia; subcosta usually connected with the costa by 
a single cross vein. Legs moderately long; claws ventrally with sharp teeth. 
Abdomen cylindrical in the male and conical in the female ; first abdominal seg- 
ment modified. Male with the forceps at the extremity. Adult preys on dead 


animal matter or plants. 


Key to the species found in Japan. 


A. Subcosta in the fore wing extending to the pterostigma.* ay tee 
Group I. (Panorpa End.) 
a. Abdomen in ¢ without process on the posterior margin of the sixth 


segment. 


1 


a’, Third abdominal segment in ¢ without very long tube. 


a”, Branches of appendaget slender, remote from each other. 
ae cs Cee, wwe | CONTENTS, 


b*, Branches of appendage broad, almost united with each other; an 
* For formosana, ophthalmica and sauteri, of which I have not yet seen any specimen, I 


rely only on'the figures represented in the original description. 
+ “Appendage” means the ventral appendage of ¢. 
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elongated triangular space being left between them at the base. 
Ws Fore Sta, tunity gece : .. formosana, 
ce. Branches of appendage very broad, dilated, and each curved 
towards the body axis, the internal margins uniting with each 
other; a round space left between them at the base. 
SGT 0. SINE pn 3) sen aa Oe . .ophthalmica, 
b'. Third abdominal segment of ¢ with a long tube... sauteri. 
b. Abdomen in ¢ with a process on the posterior margin of the sixth 
segment. 
a’, Wings with only a small pterostigmatal spot. ..  ..galloisi. 
b'. Wings with a complete or incomplete pterostigmatal fascia ; or rare- 
ly with some small accessory patches. .. .. ..cornigera. 
Wings with a complete pterostigmatal fascia and a complete internal 
fascia, in thestore;wing.,  «). WAAR 22eues 2 geraensis: 
d', Wings with a A-shaped pterostigmatal fascia.. ..arakavae n. sp. 
B. Subcosta in the fore wing extending to the costal margin scarcely beyond 
ibs middle. jo... +2 «+. 20 .¢0 wa oe Group dt (Auopesinds 
a. Wings with ochreous tinge. 


a’, Wings with the pterostigmatal fascia. 


ae 


Branches of appendage of ¢ slightly approximated towards the 
apex, or almost parallel with each other. 

a®. Outer edge of the pterostigmatal fascia of both wings always 
sharply defined ; inner edge of the pterostigmatal fascia of fore 
wing furcate; abdomen of ¢ abruptly attenuated from the 7th 
towards the extremity... .. .. .. .. ..ochraceopennis. 

b*. Both edges of the pterostigmatal fascia of both wings sharply 

defined ; or the outer edge only fureate ; abdomen of ¢ gradually 
attenuated towards the extremity. 

a‘, With the pterostigmatal fascia only, fureate or sharply defined ; 
some patches or irregular oblique striae internal to the fascia 
OUeMMOnereMt. 4 6% Ne. dyn eee ogee 

bt. With another broad fascia internal to the pterostigmatal 
ERSOAM ADEE a) es sr pac ey a) cS eURonas 


b?, Branches of appendage of ¢ diverged towards the apex. 
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Pterostigmatal fascia narrow, sharply defined ; size large, body 
COUTEOUS ein Sr. Geile Ml) ookiracen, 

Pterostigmatal fascia broad, the outer margin with a short 
branch ; size middle; body piceous... ..  ..klugi (var. form). 
Pterostigmatal fascia broad, slightly wavy, sharply defined ; size 


small; body testaceous.. .. .. .. .. «obscura. 


b'. Wings without the pterostigmatal fascia; a small pterostigmatal spot 


ORES U IU sare cae 0. Sh ww 19 “Age: Recent or ge Rp eae 


b. Wings hyaline; occasionally with slight ochreous tinge at the basal region, 


1 


a’, Wings with the complete pterostigmatal fascia; rarely the costal half 


only present, in that case no accessory spots or striae present, except 


the 


a’, 


Phe 


a. 


apical patch and costal suffusion. 


Pterostigmatal fascia broad. 


Pterostigmatal fascia evenly broad. 
*, Pterostigmatal fascia with the irregular or fureate outer edge ; 
one or two accessory spots internal to the fascia pre- 


sent. ea Os Ve gaponed: 


b‘. Pterostigmatal fascia sharply defined on both edges; no ac- 


be 


cessory spot present; wings usually ochreous at the basal 
TEIOUT 7) ih hie teehee wee. Sil) oe eeclfasciata:, 
Pterostigmatal fascia with the irregular or furcate outer edge ; 
Y-shaped accessory patch often with more patches internal 
to the fascia present... .. .. .. .. ~.pulchra. 
Pterostigmatal fascia narrowed at the middle; (wings of ¢ with 


slight ochreous tinge)... .. .. .. ..  ..sachalinensis, 


b*. Pterostigmatal fascia narrow. 


a’, 


a’. 


Basal half of costa suffused with black. 


*, Pterostigmatal fascia only present. 


a, Sixth segment without a process; seventh with two spines. 


ea 2. een ess. Ubtcorneba, 
b’. Sixth segment with a process; seventh without spines. 


eee Mee |.) |. .eornigera (varidorm). 


b*. With numerous fasciae besides the pterostigmatal fascia, 


ah yacht. Ae... VACUSANENSIS D, ‘Sp: 
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b*. Basal half of costa not suffused with black, though the subcosta 
and radius may be suffused with black. 


2. 


Pterostigmatal fascia A-formed. 
a°, Markings not deeply coloured; veins mostly whitish. . 
Je ear oF hn ieee ee eee ormnaia’: 
b®. Markings black; veins mostly blackish. 
a, 


Many short streaks between each vein along the apex 
present... "2. ce <3 twee 9S. eh einiosevaaa: 
b®. No short streaks between each vein along the apex 
presents cle ju /2e ihe) Wa ee ee ed estates 
b‘. Pterostigmatal fascia as usual; rarely incomplete. 


5 


a°, Size large; ochreous area of the dorsal side of thorax 


small; two black striae of rostrum very broad... 
' Lia ae ..pryeri. 
b®. Size small; ochreous area of the dorsal side of thorax 
large ; two black striae of rostrum narrow... .leucoptera. 
b'. Wings with the incomplete or irregular pterostigmatal fascia, consist- 
ing of three spots; many large quadrate patches present. . takenouchit. 
Wings without the pterostigmatal fascia; a small pterostigmatal and 


two costal, spots present. .. .. J.6/).< | 2a nunikkoensis: 


Group I. (Panorpa End.) 
1. Panorpa cornigera M‘Lachlan. 


Hoso-obi-shiriagemushi. 


(Pl. XXXVI, figs. 5, $, 6, 2; claw—text-fig. 2, a; appendage—Pl. XXX., 
fig. 13a.) 
Panorpa cornigera M‘Uach., Bull. Soc. Ent. Suiss., 1887, p. 404 ; Miyake, 
Bull, Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 1 (1908) ; 
Navas, Rev. Russ. Ent., 1909, No. 3, p. 4; Miyake, Entomologist, 
vol. xliv., No. 574, p. 91 (1911). 
Body totally black; eyes and palpi testaceous; legs with the coxa and 
trochanter black, the femur and tibia ochreous and the extremity of the latter 
and tarsus dusted with testaceous ; claws evenly curved with the apex more pro- 


duced than the teeth; prominent teeth four. 
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Wings hyaline, with the apex acutely elliptical ; the subcosta usually ex- 
tending to the pterostigma ; frequently however it is variable and in some cases 
is ended as in most of our species; a small blackish patch at the origin of the 
radial sector ; pterostigmatal fascia narrow and oblique, occupying anteriorly 
the inner half of the pterostigma; in some specimens the apex is narrowly 
margined with black; one or two fine, curved fasciae between the pterostig- 
matal fascia and the apex occasionally present; longitudinal veins ochreous 
at the basal area and fuscous at the outer area; cross veins ochreous; first 
branch of radial sector with three branchlets. 

In the -male the posterior margin of the third abdominal segment is scarce- 
ly produced in the middle; second to fifth segment rather short, cylindrical ; 
sixth stout, conico-cylindrical, the posterior margin produced into a median 
process; seventh to last piceous; seventh and eighth each as long as the 
sixth, but narrower and conical; the dorsal surface of seventh with a sinua- 
tion in the middle, corresponding to the process of sixth; eighth truncate 
posteriorly ; cheliferous segment small ; chelae rather small, crossing each other 
in an oblique direction ;* branches of appendage (ventral) long, linear, slightly 
approximating each other at the base and the apex, and separating at the 
middle; the distal half bent downward between the lateral portion of the 
segment; no long stalk of the appendage present; females with the terminal 
segments telescoped inward ; appendages black. 

Length of body: ¢ 12mm.; ¢ 11-17 mm. 

Expanse : 28-32 mm. ; 
Loc.: Nikko; Konsei-toge; Mt. Nasu; Fukui; Echigo; Harima ; 

Kiushiu (according to Prof. Matsumura) ; Siberia (according to 

Navas). 

Time of Appearance: May to August. 


Subspecies fulvicaudaria n. subsp. 
Rostrum, process of the sixth abdominal segment, and seventh to last 
abdominal segment reddish ochreous. 
Length of body: ¢ 12mm. 


Expanse: 27 mm. 


* Isay this of the dried specimen. 
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Type: A male specimen in my collection, captured at Harima, on 
May 22nd, 1900, and sent to me by Mr. NaKanara. 


The specimen bears quite the same venation as those in the Azops group. 


2. Panorpa communis Linnaeus. 
Madara-shiriagemushi. 

(Pl. XXXVL., fig. 21, ¢; claw—text-fig. 2, b; appendage—Pl. XXXL, 
fig. 11.) 

Panorpa communis Linn., Faun, Suec. p, 384 (1761); Syst. Nat. I., pars 

il., p. 915 (1767); Westwood, Trans. Ent. Soc. Lond., vol. iv., p. 
185 (1846); Walker, List. Neurop. Coll. Brit. Mus., pt. ii., p. 457 
(1853) ; M‘Lach., Trans. Ent. Soc. Lond., 1868, p, 214; Trans. Ent, 
Soe. Lond., 1869, p. 63, pl. iv., fig. 3; Matsumura, Senchu-zukai 
(Thousand Insects of Japan), vol. i., p. 164, pl. xi., fig. 6 (1904); 
Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 2 
(1908) ; Entomologist, vol. xliv., No. 574, p. 9L (1911). 

Body fuscous ; frons between the eyes black ; vertex and occiput ochreous ; 
eyes ochreous or testaceous; antennae piceous, with the basal joint yellow ; 
rostrum ochreous, tinged laterally with testaceous ; palpi ochreous ; prothorax 
fuscous, with the posterior margin ochreous ; meso- and meta-thorax with an 
ochreous dorsal fascia; legs greyish yellow; claws evenly curved, with the 
apex more produced than the teeth; prominent teeth usually four. 

Wings rather narrow, hyaline, very faintly tinged with fuscous; apex ellip- 
tical; markings fuscous ; a small spot in the middle of the wing near the base ; 
an outwardly oblique transverse fascia, formed by the union of two patches, 
before the middle; a small costal spot at the middle of wing; pterostigmatal 
fascia narrower and posteriorly forked, representing the figure of a A; the apical 
dark area with one or two irregular spots of the ground colour within ; longi- 
tudinal veins and some basal cross veins fuscous; rest of cross veins colourless ; 
first branch of radial sector bears four branchlets in the two Japunese specimens 
before me, though European specimens in my possession bear three branchlets. 

In the male, abdomen with the pleural membranes and ventral side yel- 
lowish ; second to fifth segment cylindrical, almost equal in length; third 


segment hardly projects at the median posterior margin as many of the 
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Japanese species do; sixth stout and conico-cylindrical; seventh and eighth 
slender, conical, each as long as the sixth; the posterior margin of the eighth 
obliquely truncate ; cheliferous segment testaceous, with the basal portion al- 
most triangular; chelae rather short, crossing each other in a very oblique 
direction ; appendage (ventral) long, linear, without stalk, slightly apart 
towards the middle, approximating, however, towards the base and apex; female 
with the terminal three segments ochreous ; appendages piceous. 
Length of body: ¢ 12mm.; ¢ 11 mm. 
Expanse: 33-34 mm. 
Loc. : Towada, Mutsu; Oshima, Kiushiu; Formosa. 
Time of Appearance: July. 
Distribution : Europe ; Japan. 

This species is rather rare but widely distributed in Japan. The Japanese 
species represent, like the European, several variations in the wing-markings, 
which are, speaking generally, more pronounced in the former. In the extreme 
case the pterostigmatal fascia is very prominent and A-shaped and all inter- 
nal markings rather obscure. Such forms are commonly found in Formosa. 
It is almost certain that Navas’ Panorpa formosana is a species closely allied 
to this form and therefore can be considered as a varietal form of the pre- 
sent species. Of course formosana as well as some of my communis from Japan 
differ somewhat from the type form, so that they may sometimes be recognized 
as another species. However, from a long series of European and Japanese 
forms of communis before me, I could not discover any distinct difference 


that can properly separate them. 


3. Panorpa gokaensis Miyake. 
Maye-futasryyi-shiriagenushi. 
(Pl. XXXVI, fig. 3, ; claw—text-fig. 2, c; appendage—Pl. XXXL, 
fig. 15.) 

Panorpa gokaensis Miyake, Journ, Coll. Agr. Imp. Uniy. Tokyo, vol. ii., 
No. 3, p. 193, pl. xi., fig. 3 (1910); Entomologist, vol. xliv., No. 
574, p. 91 (1911). 

Body totally black: antennae, rostrum and palpi black; legs fuscous 


yellow, with the extremity of each joint and some terminal tarsi fuscescent ; 
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claws testaceous; dorsal body of claws rather highly curved, with the apex 
produced as long as the teeth, which are four in number, 

Wings hyaline, with the apex elliptical; pterostigmatal fascia rather nar- 
row; in the fore wing a likewise narrow blackish antemedial fascia is present, 
slightly oblique in direction contrary to that of the pterostigmatal fascia; a 
rather small blackish apical patch, with well defined inner edge; costal, sub- 
costal and radial veins black ; the remaining veins fuscous yellow except where 
they cross the fascia, where they are black ; first branch of radial sector with 
three branchlets, 

Abdomen rather short, black; in the male the posterior third dorsal 
segment is scarcely produced into a lobe; sixth cylindrical, dorsally with a 
process ; seventh narrower and longer than the sixth and almost equal to the 
eighth ; cheliferous segment rather smaller but stouter than in P. japonica ;* 
lateral portions very stout and rounded; chelae shorter than the segment, 
almost straight, being very slightly curved towards the extremities, which are 
testaceous ; they are usually crossed in a very oblique direction; appendage 
rather long, slightly curved, approximating at the base and the apex. 

Length of body: ¢, ? 12mm, 
Expanse: ¢ 30mm.; ? 33mm. 
Loe. : Goka-no-shd, Kiushiu, 
Time of Appearance: May. 
A male and a female specimen captured by the author, on May 27, 1908, 


4. Panorpa galloisi Miyake. 
Futaten-shiriagemushi. 

(Pl. XXXIV., fig. 10a, ¢ 5; abdomen—fig. 10 b; appendage—fig. 10 ec.) 

Ponorpa galoisi Miyake, Entomologist, vol. xliv., No. 574, p. 93 (1911). 

Body blackish piceous; rostrum blackish, slightly shorter than that of 
our other Panorpa species; palpi piceous; legs testaceous. 

Wings rather broad (broadest at the pterostigmatal region), Whitish with 
fuscous veins, with the apex acutely elliptical; the only conspicuous markings 
(fuscous in colour) are of somewhat quadrate form in the fore wing and of a 


triangular shape in the hind wing and are situated at the pterostigma, which 


* JI quote the species for comparison, as it is very common, 
I 
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is somewhat opaque, occupying the middle one-third ; three very insignificant 
spots found in the fore wing placed obliquely from the pterostigma to the 
posterior margin, the first situated at the middle of the wing and the last at 
the posterior margin. 

In the only known specimen (male) the posterior margin of the third 
abdominal segment is, so far as I can observe, formed like the other segments, 
and not produced into a median lobe, as in most of our Panorpa, The fifth 
and sixth segments stout and obconical, the latter is very conspicuous, and 
bears a short process like cornigera at the middle of the posterior margin ; 
seventh slender, longer and cylindrical; eighth much more slender and cylin- 
drical and almost equal in length to the former; cheiliferous segment stout 
and rounded, the chelae shorter than the segment; branches of appendage 
long and almost parallel, except towards the end, where they slightly approach 
each other. 

Length of body: ¢ 11mm. 
Expanse: 30 mm. 

A single male specimen (type) only is known and in the possession of 

Mr, EpMe Gatos, who captured it at Chuzenji, Nikko, on July 27th, 1910. 


5. Panorpa arakavae* n. sp. 
Arakawa-shiriagemushi. 

(Pl. XXXVL., fig. 8, 2; claw—text-fig. 2, d; appendage—Pl. XXXL, 
fig, 12.) 

Body totally black; eyes piceous; legs ochreous; claws evenly curved, 
with the apex produced over the teeth; prominent teeth four. 

Wings rather broad, hyaline, with the apex elliptical; the basal region 
of the fore wing slightly tinged with ochreous; black markings as follows :— 
an irregular narrow fascia on the stalk of radius; an inwardly angulate 
fascia at the juncture of radial sector; the fascia is reduced into two obscure 
spots in the hind wing; a short fascia in the middle of costa running pos- 
teriorly to the middle of wing ; pterostigmatal fascia narrow, forked posteriorly 
at the middle of wing, so that it represents the form of a A; a rather straight 
fascia from the costa to the posterior margin; apex narrowly margined with 


* Dedicated to Mr. M. Anakawa, who captured the specimen. 
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black ; longitudinal veins except the basal portion blackish fuscous ; the rest 
and cross veins pale; first branch of radial sector with three branchlets. 
Abdomen (in the specimen, which is male) very slender; second to fifth 
segment short, cylindrical, nearly equal in length; sixth large, with a dorsal 
process as in cornigera; seventh and eighth very slender; cheliferous segment 
as in cornigera; chelae large, crossing in a very oblique direction ; appendage 
very slender, the branches widely distant from each other in the middle and 
slightly approximated on the apices. 
Length of body: ¢ 13 mm. 
Expanse : 29 mm. 
Loe. : Sohon-tége, Shinano (?). 
Type: A single male specimen in my collection, captured by Mr. 
ARAKAWA, on July 4th, 1912. 


6. Panorpa ophthalmica (Navas). 
Taiwan-madara-shiriagemushi. 

Campodotecnum ophthalmicum Navas, Rev. Rus. Ent., 1911, No. 1, p. 3. 

I have only an unique female specimen of this species, sent by PETERSEN, 
and cannot make a sufficient description. The following is the reproduction 
of Navas’ original description :— 

“Simile angustipennti Westw. Caput nigrum, prostomate longo, testaceo, 
nitente ; palpis concoloribus ; antennis nigris, primo articulo testaceo. Thorax 
fusco-niger, inferne fulvus, superne in meso- et metanoto lobis lateralibus rufis. 
Abdomen fuscum, ventre et ultimis seementis testaceis. In ¢ processu dorsali 
3-i segmenti parum elevato, acuto, ultra dimidium 4-1 producto ; 6—o segmento 
inflato, inferne fusco, superne basi semicirculariter emarginato, apice testaceo ; 
7-o breviore, angusto, apice dilataro, testaceo, lateraliter infuscato; 8-o longi- 
tudine T-o aequali, testaceo, apice oblique truncato; 9-o brevi, inflato, forcipe 
dentibus interne ante medium bilobatis, apice angustatis ; farca petiolo amplo, 
ramis latis, triangularibus fuscis, basi emarginatis, spatium cuneiforme liberan- 
tibus. Pedes fulvo-ferruginei, tarsorum articulis apice anguste fuscatis. Alae 
angustae, membrana hyalina, flavido sordide tincta ; venis fusco-nigris ; venulis 
in medio basilari alae fuscis, in apice albis, vel interne fuscis, externe albis 


Ala anterior ita fuscomaculata: 1-o atomo pupillaeformi inter ramos cubiti ; 
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2. umbra ad extremum venae postcubitalis (analis) ; 3. fascia angusta obliqua 
sinuosa completa, ante medium; 4. alia fascia ad medium a costa incipiente 
et ante thyridium desinente, vel ad thyridium (in ¢ cum anteriore confluente), 
ad cujus extremum iterum atomus pupillaeformis; 5, fascia obliqua stigmali, 
ad costam dilatata, retrosum fureata, et ante divisionem alio atomo pupillae- 
formi nigro-notata; 6. fascia angustissima sinuosa, a dilatatione costali anterioris 
usque ad marginem internum et posteriorem sequentis (in ¢ ad medium fur- 
cata, ramo interno brevi nee marginem attingente); 7. apice toto fusco, Ala 
posterior tribus item pupilis notata: l-a pone fuream procubiti, 2-a pone 
ramum primum sectoris radii (in ¢ intra maculam fuseam), 3-a ante divisio- 
nem fasciae mediae. -Praeterea ita fusco-maculata; 1. macula inter cubitam 
et posteubitum (in ? marginem posteriorem attingente); 2. fascia stigmali 
oblique, retrosum fureata; 3. fascia anteapicali angustissima, medio interrupta, 


postice in duas lineas divisa (in ¢ interna nebulosa); obsoleta; 4. fascia apicali.”’ 


5 ? 
“Long. corp. (a vertice ad abdom. apicem) 16mm. 10,5 mm. 
ae ,, al, anter. 14,5 ,, Tb: 55-7 
= ” ” poster. 13 ” 12 ” " 


* Patrie: Tainan (Formose), Dans ma collection.” 


7. Panorpa formosana (Navas). 
Taiwan-shiriagemushi, 

Campodotecnum formosanum Navas, Rey. Rus. Ent., 1911, No. 1, p. 3. 

Panorpa formosana Petersen, Ent. Mittel., Bd. i., No. 7, p. 198 (1912). 

I have not yet obtained a specimen of this species so that I reproduce 
Navas’ original description :— 

* Piceum, ultimis tribus abdominis segmentis testaceis. Caput prostomate 
longo, testaceo; antennis nigris, fortibus, 1-o articulo testaceo-fusco, Thorax 
inferne et lateraliter fulvus. Abdomen in ¢ processu dorsali 3-i segmenti 
arcuato, lumen inter ejus basim et gibbam 4-i liberante, usque ad 3/4 hujus 
segmenti pertingente ; 4-0 toto medio apicali dorso gibboso; 5-0 brevi, 6-0 
conico, praecedente duplo saltem longiore, apicem versus sensim angustato ; 
7-0 praecedente plus quam dimidio breviore, apice dilatato ; 8-o praecedente 


vix longiore, apice dilatato et oblique truncato; 9-0 oblongo, inflato, testaceorufo, 
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foreipe forti dentibus seu chelis interne sinuatis; furea longa, petiolo longo, 
marginibus lateralibus concavis, brachiis lanceolatis, fuscis, apice subobtusis, 
basi inter se spatium triangulare relinquentibus. Pedes fulvi, femoribus post- 
icis rufescentibus, tarsorum articulis apice fusco annulatis, Alae angustae, 
in quarto apicali latae; membrana hyalina, vix nisi ad basim levissime fulvo- 
tincta; venis fusco-nigris; venulis juxta alae basim nigris, reliquis saltem 
externe albis; atomis pupillaeformibus eodem situ et magnitudine ac in 
ophthalmico praeditis, Ala anterior ita fusco-notata > fascia apicali lata, postice 
ad marginem spatium circulare liberante; fascia stigmali, ad costam cum 
apical conjuncta, retrorsum fureata, tribus maculis linearibus, ante alae medium, 
quarum duae a costa, una inter et pone illas, a margine postico excurrente. 
Ala posterior similiter in medio apicali maculata, sed in fascia apicali spatium 
circulare in sinum rotundatum apertum; in medio basilari duae maculae dis- 
tinctae, quarum prior costalis, ad medium altera marginalis posterior et in $ 


exiguae alia ad medium, post sectoris originem.” 


3 ? 

“‘ Tong. corp. (a vertice) 16 mm. 12,5 mm. 
eae d. anter, 152.3 : Es ae 
in 39 », poster. 13,5 ,, 138 ,,° 


“ Patrie: Tainan (Formose). Dans ma collection.” 


This can very probably be a varietal form of P. communis (see p. 341). 


8. Panorpa sauteri Petersen. 
Taiwan-toge-shiriagemushi, 

Panorpa sauteri Petersen, Ent, Mitteil., Bd. i, No. 7, p. 197 (1912). 

PETERSEN’S type is the unique specimen as yet obtained of this species. 
His original description is :— 

“ Head, rostrum and palpi light brown; the apical joint of palpi with 
black tip. Antennae black; the first and second joint light brown. Pro,- 
meso- and metathorax light brown with a broad black median stripe on the 
dorsum. The black stripe begins at the ocelli, which are light brown like 
the head, First, second and third abdominal segment dorsally darkbrown, 
ventrally yellowish brown, fourth segment dorsally paler; the rest of segments 


dorsally and ventrally yellowish brown. The gonopoda (appendage mihi) 
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and the legs light brown. The process of the hind border of the third 
abdominal segment very long, almost as long as fourth, fifth and sixth seg- 
ments together. Membrane of wings with a strong brownish yellow tinge ; 
the nervures darker, especially the costa. Several dark spots and cross bands 
are to be found. Length 12.5mm; fore wing 12mm; hind wing 10.5 mm.” 

* One male, Type in Deutsches Entom. Museum, was captured by Sauter, 
VIII, 1909, at Koshun, Formosa.” 


Group II. (Aulops End.) 
9. Panorpa japonica Thunberg. 


Shiriagemushi. 


(Pl. XXXV., figs. 1,2,3,5, ¢; fig. 6, 2; claw—text-fig. 2, e; appendage 
—Pl. XXX., fig. 14.) 
Panorpa japonica Thunb., “Nov. Ins. Sp. Diss., iii., p. 67, fig. 9 (1784)” ;* 
Burmeister, Handb. d. Ent., Bd. ii., p. 957 (1839); Westwood, Trans, 
Ent. Soc. Lond., vol. iv., p. 188 (1846); Walker, List. Neurop. Coll. 
Brit, Mus., pt. ii., p. 461 (1853); M‘Lach., Trans. Ent. Soc. Lond., 
1878, p. 183 ; Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., 
No. 1, p. 1 (1908); Navas, Rev. Russ. Ent., 1709, No, 3, p. 4. 
Panorpa sinanoensis Miyake, Ball, Coll. Agr. Imp. Univ. Tokyo, vol. viii., 
No. 1, p. 4, pl.i., fig. 7 (1908); Navas, Rev. Russ. Ent., 1909, No. 3, p.5. 
Panorpa niphonensis Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. 
viii., No. 1, p. 7, pl. 1., fig. 3 (1908); Navas, Rev. Russ. Ent., 1909, 
No, 3;.p. 5: 
Aulops japonica Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910) ; Miyake, 
Entomologist, vol. xliv., No. 574, p. 91 (1911). 
Aulops sinanoensis Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910) ; Miyake, 
Entomotogist, vol. xliv., No. 574, p. 92 (1911). 
Aulops niphonensis Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910); Mi- 
yake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 
Body totally black; apex of rostrum piceous black ; legs fuscous ochreous ; 
claws highly curved, the apex far more prominently produced than the teeth ; 
prominent teeth three. 


* The paper, which is not accessible to me, is indicated with “ 
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Wings broad, hyaline, the apex round or elliptical; pterostigmatal fascia 
broad, the outer edge usually sinuate or fureate posteriorly beyond the mid- 
dle; the fureate portion frequently forms a narrow branch and ends obliquely 
and outwardly on the posterior margin; occasionally the branch is isolated 
and remains as a marginal spot on the posterior margin ; one or two irregular 
spots before the fascia; sometimes an irregular spot is still internally 
present; apex broadly black with the internal edge sinuate; some- 
times markings are lightly coloured or partly fenestrated ; longitudinal veins 
and some cross veins black; the remaining cross veins pale; first branch of 
radial sector with three or four branchlets. 

In the male, the second to fifth abdominal segment cylindrical, slightly 
longer in progression ; posterior margin of the third segment dorsally produced 
into a broad median lobe, which conceals a tubercle on the fourth segment ; 
sixth and seventh segments each longer than the preceding segment, cylindri- 
cal, narrower in succession; eighth long, still narrower, conical, obliquely 
truncate at the posterior margin ; cheliferous segment rather small, the chelae 
long and slender, piceous or testaceous ; appendage Y-shaped, -with the long 
stalk; each branch short and moderately broad; sometimes, however, it is 
rather narrow (form niphonensis) or slightly curved (form sinanoensis), 

Length of body: ¢ 12-25mm.; ? 15-25 mm. 

Expanse: 32-42 mm. 
Loc.: Shinano; Kiso; Gifu; Kiushiu (according to Prof. MarsumURA). 
Time of Appearance: May to August. 


Subspecies macrogaster M‘Lachlan. 
O-shiriagemushi. 

Panorpa macrogaster M‘Lach., “Journ. Linn. Soe. Zool. ix., p. 257 (1867)” ; 
Trans, Ent. Soc. Lond., 1878, p. 184; Miyake, Bull. Coll. Agr. Imp. 
Univ. Tokyo, vol., viii., No. 1, p. 1 (1908); Navas, Rev. Russ. Ent., 
1909, No. 3, p. 4. 

Aulops macrogaster Enderlein, Zool. Anz. Bd. xxxv., p. 390 (1910) ; 
Miyake, Entomologist, vol. xliv., No. 574, p. 91 (1911). 

Entire markings are traversed by a pale line between each of the veins 


so that they appear fenestrate ; two to four blackish spots before the fascia. 
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Expanse: 30 mm.; 34-41 mm. (after M‘LAcHLay), 
Loc.: Hakodate (according to M‘LAcHiAN). 
Type form is still unknown to me. However as the characteristics of 
macrogaster are represented in various ways among the series of specimens of 
japonica, the present form should be considered rather as a subspecies of 


japonica than as a distinct species. 


10. Panorpa pulchra Miyake. 
Aya-shiriagemushi, 

(Pl. XXXYV., fig, 4, 2; fig. 9, ¢; claw—text-fig. 2, f, g; fig. 7; ap- 
pendage—Pl. XXX., fig. 17.) 

Panorpa pulchra Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., 

No. 1, p. 8, pl.i., fig. 4 (1908); Navas, Rev. Russ. Ent., 1909, p. 5. 

Panorpa irreguaris Miyake, Journ, Coll. Agr. Imp. Univ. Tokyo, vol. ii., 

Wows, : po l98,) pl xxi. fe. “(19 10). 
Aulops pulchra Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910) ; Miyake, 
Entomologist, vol. xliv., No. 574, p, 92 (1911). 

Aulops irreguaris Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body deep black: antennae black; rostrum black or testaceous, with the 
palpi piceous ; legs greyish fuscous or fuscous yellow, with fuscescent tarsi ; 
claws evenly curved, the apex strongly produced; prominent teeth, three or 
four, rather broad and obtusely pointed. 

Wings broad, whitish, with the apex round or elliptical; pterostigmatal 
fascia very broad, with the inner edge rather sharply defined; the external 
edge usually fureate just beyond the middle, forming a narrow branch ending 
on the posterior margin, oblique in a direction contrary to that of the fascia, 
so that there is in most cases a vitreous space enclosed between the fascia 
and the branch; two rather irregular black spots before the fascia, of which 
the posterior one is larger and of quadrate form and usually united into an 
irregular narrow fascia; another series of two or three smaller spots before 
the last mentioned spots ; these may also join with each other to form an 
irregular and incomplete fascia and frequently the costal spot of this inner 
series is connected with the posterior-marginal spot of the outer series, so that 


they represent the figure of a Y; apex also very broadly black, its inner 
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Margin sinuate; in some specimens certain parts of both the pterostigmatal 
fascia and apical dark space traversed by a pale line between each successive 
veins ; longitudinal veins mostly black and especially very conspicuous in the 
basal half; cross veins mostly piceous in basal half and yellowish or testaceous 
in the space between the fascia and the apical dark portion; they are rarely 
colourless so that they represent fine white striae among the dark markings. 

Abdomen blackish; in the male the posterior margin of the third dorsal 
segment is produced into a short median lobe just like that of japonica; sixth 
and seventh segments thick, cylindrical, truncate and equal in length; eighth 
slightly longer than the seventh, cylindrical; cheliferous segment short, the 
basal portion stout, the chelae brownish or piceous; appendage rather short, 
linear, black, and slightly broader than in japonica, with rather prominent ridges. 

Length of body: ¢ 18mm.; 2? 14mm. 

Expanse : 32-36 mm. 
Loc. : Goka-no-shé ; Osumi; Mt. Hikosan, Kiushiu ; Tosa. 
Time of Appearance: May; July to August. 

This species is allied to japonica and no striking difference can be found 
except in the wing-markings, though the form of the cheliferous appendage 
appears to be broader, much more divaricate and more acute than in japonica. 
I have therefore some grave doubts, as to whether they may not be amal- 
gamated into one species. I have, however, for the present recognized them as 
two distinct species, because the differences of the same order as those found 
between them are used by recognized authorities in distinguishing other species 


of the same family, and moreover, the two species occur in detached places. 


ll. Panorpa rectifasciata Miyake.* 
Obi-shirtagemushi. 
(Pl. XXXV., fig. 7, ¢, fig. 8, $; claw—text-fig. 2, h; appendage—PI. 
XXX., fig. 16.) 
Panorpa rectifasciata (part) Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, 
vol. vii., No. 1, p. 5, pl. i., fig. 10 (1908); Navas, Rev. Russ. Ent., 
1909, p. 5. 


* PwreRseN considers the species the same as japonica, from the similarity of their genitalia, 
If that is the case, I can make no objection to his opinion, though I haye some specimens of 
rectifasciata which I think rather different from japonica. 
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Aulops vrectifasciata Enderlein, Zool. Anz. Bd. xxxv., p. 390 (1910) ; 
Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Campodotecnum (2) rectifasciata Enderlein, Notes Leyd. Mus., vol. xxxiv., 
p. 235 (1912). 

Body totally black; palpi piceous ; legs fuscescent yellow ; claws highly 
curved, with three prominent teeth. 

Wings hyaline, the apex rounded ; basal region usually tinged with ochreous, 
rarely the entire wings tinged with light ochreous ; pterostigmatal fascia very 
broad, with both edges sharply defined; apex broadly black, with the inner 
edge slightly incurved ; neither line nor spot anywhere present; longitudinal 
veins and most of cross veins fuscous ; cross veins situated outwardly, whitish ; 
first branch of radial sector with three or four branchlets. 

Abdomen in the male from the second to fifth segment cylindrical, slightly 
longer in progression ; the posterior margin of the third dorsal segment slightly 
produced (rather narrower than in japonica) ; sixth large, cylindrical ; seventh 
cylindrical, narrower than the sixth, as long as the eighth; eighth very nar- 
row, conical, obliquely truncate; cheliferous segment with slender chelae ; 
appendage with long stalk; the branches rather short (slightly longer than 
in japonica and shorter than in klugi), and widely distant from each other. 

Length of body: ¢ 20mm.; ? 17mm. 
Expanse : 35-40 mm. ; 46 mm. 
Loc.: Nikko; Gifu; Towada; Kii; Aomori. 
Time of Appearance: July, August. 

This can be distinguished from other species by its broad pterostigmatal 
fascia sharply defined on both edges. However, the structural characters are 
to a great extent allied to japonica, and even now I have some doubts as to 
this being a truly distinct species. In the wing-markings it closely resembles 
certain form of klugi so that I first erroneously confounded these two species, 
The figure accompanying the original description of rectifasciata was unfor- 
tunately drawn from such forms of klugi, therefore the original description 
must be corrected as stated here, and the figure represented in a photograph 
in this paper looked upon as the true form. From klugi the present species 
is distinguished by the greater broadness of the pterostigmatal fascia, larger 


size, shorter and much divaricate appendage, and light tinge of wings. 
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12. Panorpa sachalinensis Matsumura. 
Karafuto-shiriagemushi, 
Panorpa sachalinensis Mats., Journ. Coll. Agr. Tohoku Imp. Univ. Sap- 
poro, vol. iv., pt: 1, p. 12, pl. 4, fig. 9; 10 (911). 

IT have not yet obtained a specimen of this species. The following is 
the reproduction of Marsumura’s original description :— 

“ Pechschwarz. Rostrum an den Seiten und unten sowie auch Palpen 
braiunlich. Antennen schwarz, schwarz kurz dicht behaart. Pronotum in der 
Mitte mit 2 Querfurchen, wie das Mesonotum impunktiert, Scutellum hinteu 
und Postseutellum braunlich. Flagel hyalin, schwarzlich gefleckt beim ¢ ein 
wenig gelblich getribt, Nerven dunkelbraun, Quernerven weisslichgelb, an der 
Spitze breit schwarz, am Zweidrittel des Flugels eine schiefgerichtete, in der 
Mitte eingeschniirte Querbinde, bei der Aussenseite dieser Pinde am Hinter- 
rande mit einem schwarzen Liingsstriche, nahe in der Mitte mit einem den 
Vorrand nicht ganz erreichenden Querflecke oder mit 2 Fleckchen, noch ein 
anderes Fleckchen nahe am Costalrande zwischen diesem und der schiefen 
Querbinde ; Hinterfliigel gerade wie der Vorderflugel gefleckt, nur der Mittel- 
fleck am Hinterrande in ein kleines Fleckchen reduciert und ein am Vorder- 
rande liegendes Fleckchen fehlend ; bei einem ¢ fehlen mitteleren und inner- 
sten Querflecken. Beine blassgelblich, Coxen, Trochanter Tarsalsegmente an 
jeder Spitze und Klauenglieder dunkel; Klauen gelblich. Abdomen beim ¢ 
lang, am Hinterrande des 2ten Segmentes mit einer hakenformig gekrummten, 
an der Spitze abgerundeten Vorragung, welche mit einer zugespitzten konischen 
Vorragung des 3ten Segmentes zusammen stossend; Zange lang, an der 
Spitze gelblichbraun, nahe der Basis innen mit einer Vorragung, am letzten 
Segmente unten mit noch einem flachen zangenartigen Anhange, welcher die 
Gabelbasis der echten Zange bedeckend.” 

“Lange: ¢ 13, ¢ 20mm.” 
“Flugel ¢ % 15-17 mm.” 
“Der Zeichnung und Form nach P. macrogaster M’L. etwas ahnlich.” 
“ Fundorte : Korsakoff, Mauka, Chipsani, Tonnaitcha, Galkinowraskoe 
und Todoroki, gesammelt in zahlreichen Exemplaren von Herren 
M. Oguma und B, Miyake,” 
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This species appears to me to be very closely allied to P. amurensis 
M’L. and P. klugi M’L. 


13. Panorpa bicornuta M‘Lachlan. 
O-hasami-shiriagemushi. 


(Pl, XXXVI, fig. fs $, fig. 2, 2, var.; claw—text-fig. 2, i; appen- 
dage—Pl. XXXI., fig. 16.) 
Panorpa bicornuta M‘Lach., Bull. Soc. Ent. Suiss., 1887, p. 403 ; Miyake, 
Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 1 (1908) ; 
Navas, Rev. Russ. Ent., 1909, No. 3, p. 4. 

Panorpa magnicauda Miyake, Journ. Coll. Agr. Imp. Univ. Tokyo, vol. 
i., No. 3, p. 192, pl. xis, fig..6-(1910). 

Aulops bicornuta Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body black; eyes, antennae and palpi piceous; rostrum black ; legs 
ochreous, with very slight fuscous tinge ; extremity of each joint and terminal 
joint of tarsi fuscescent, with the claws testaceous ; dorsal body of claws evenly 
curved, the apex more or less produced over the teeth; prominent teeth four, 
very sharply pointed. 

Wings hyaline, moderate, with the apex elliptical; pterostigmatal fascia 
rather narrow, oblique, somewhat attenuate towards the posterior margin ; oc- 
casionally the fascia is reduced to a triangular costal spot; a small blackish 
apical patch (the patch occasionally encloses a small pale spot); basal half of 
the costal margin of fore and hind wings and the posterior margin of fore wing 
suffused with blackish; a very small blackish point at a place one-third from 
the base, rather nearing the posterior margin, frequently present; veins most- 
ly piceous ; first branch of radial sector with three or rarely four branchlets. 

Abdomen black, very peculiar in shape; first segment just as in other 
species ; second and third segments very short and almost equal in length ; 
in the male, the third dorsal segment is produced in its middle into a short 
but broad lobe; fourth, fifth and sixth cylindrical, with testaceous pleural 
membranes ; of the three segments the sixth is longest and the fourth shortest ; 
seventh almost equal in length to the sixth, obliquely truncate anteriorly from 


dorsal side posteriorly to ventral side; the ventral apex of seventh segment 
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attenuate and pointed on each side so as to form two conspicuous spines 
(without a parallel among our species); eighth rather short, scarcely longer 
than sixth and seventh segments, conical and much narrower than the other 
segments, with the posterior margin obliquely truncate; cheliferous segment 
exceedingly large, with much elongate basal -portion; chelae very short, 
slightly incurved, with testaceous apex ; appendage very conspicuous, elongate, 
piceous, and extending over the middle of chelae; the distal end of the 
branches of appendage is overlapped, the left one up, so as to show an O- 
shaped structure ; appendages of female black. 

Length of body: ¢ 10-11 mm.; ? 12-13 mm. 

Expanse: 31 mm. 

Loe. : Goka-no-sho, Kiushiu; Mt. Gozu, Echigo. 


Time of Appearance: May, June. 


14. Panorpa hakusanensis®* n. sp. 
Hakusan-shiriagemushi. 


(Pl. XXXVI, fiz. 9, ?; claw—text-fig. 2, j). 

Body totally black; legs fuscous ochreous; claws evenly curved, with 
the apex produced over the teeth; prominent teeth four. 

Wings hyaline, the basal half of costa margined with black; in the fore wing 
the posterior margin suffused from the base to the middle with fuscous ; a spot 
somewhat triangular on the middle of costa and posterior margin ; pterostig- 
matal fascia narrow and oblique, commencing at a large triangular patch 
which occupies the entire pterostigma; three short fasciae on the posterior 
margin between the pterostigmatal fascia and apex; apex slightly tinged with 
black; longitudinal veins as well as cross veins piceous; the first branch of 
radial sector with three branchlets. 

Abdomen from the second to the fifth segment short, cylindrical, very 
slightly narrower in progression ; sixth to the last very slender; appendages 
(female) black. 

Length of body: $ 11 mm. 
Expanse: 30 mm. 


x 


“‘Hakusan” is the name of the mountain in Kaga, where it was captured. 
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Type: A single female captured by Mr. Marvumo, on Mt. Hakusan 
(2600 m. high), Kaga, on Aug. 15, 1912. 


15. Panorpa pryeri M‘Lachlan. 
Pryer-shiriagemushi. 


(Pl XXXVI, figs. 13, 14, 15, $5; claw—text-fig. 2, k; appendage— 


Panorpa pryert M‘Uach., Trans. Ent. Soe. Lond., 1878, p. 185 ; Miyake, 
Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 1 (1908) ; 
Navas, Rev. Russ. Ent., 1909, p. 4. 

Aulops pryert Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910); Miyake, 
Entomologist, vol. xliv., No. 574, p. 91 (1911). 

Body black; basal joints of antennae fulvyous; rostrum ochreous, slightly 
tinged with testaceous towards the extremity, with two very broad, deep black 
longitudinal striae ; mouth-parts mostly testaceous ; prothorax margined pos- 
teriorly with ochreous ; meso- and meta-thorax with a narrow, or frequently 
broad, median, dorsal, ochreous line; scutelli and anterior margins of postscu- 
telli ochreous ; legs ochreous ; claws evenly curved, the apex not produced over 
the teeth; very prominent four teeth present. 

Wings rather broad, hyaline, dilated beyond the middle; apex acutely 
elliptical ; a black fascia along the radius to one-third of the wing from the 
base, filling up the area between 7. and 7s.; a posteriorly elongate spot beyond 
the fascia; a narrow black fascia along cv. to its extremity ; posterior margin 
of fore wing from the base to cw. irregularly margined with black; in the 
hind wing a small spot on the posterior margin at one-third from the base 
is sometimes present; pterostigmatal fascia is rather narrow and oblique, 
commencing at the pterostigma occupying its entire area and then attenuated 
towards the posterior margin; between this and the apex two small fasciae on 
the posterior margin and a rather prominent costal fascia are present; in some 
specimens, however, these are quite obsolete; apex margined with black ; 
longitudinal veins towards the apex black; the rest and cross veins yellowish ; 
first branch of radial sector usually with three branchlets. 


Abdomen black; the pleural membranes (in dried specimen) testaceous ; in 
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the male the second to fifth segment are rather stout, cylindrical ; the posterior 
margin of the third dorsal segment produced into a very broad median lobe ; 
sixth to eighth usually ochreous or with some black specks; sixth short 
conico-cylindrical, not elongate as in japonica ; seventh narrow, slightly longer, 
with the extremity obliquely truncate; eighth cylindrical, narrower and very | 
slightly longer than the preceding, with the posterior margin obliquely truncate ; 
cheliferous segment testaceous ; chelae rather short, usually crossing each other 
in a very oblique direction ; appendage very large and broad, the lobes united 
in the middle; female with terminal segments gradually narrower ; last two 
segments usually ochreous ; appendages black. 

Longth of body: ¢ 11-15 mm.; ? 13-18 mm. 

Expanse : 30-36 mm. 

TLoe.: Aomori; Usui-toge; Gifu; Hibara, Iwashiro; Nikko; Mt. 
Akagi; Mt. Nasu; Kiushiu (according to Prof. Matsumura.) 


Time of Appearance: July to August. 


Subspecies major Miyake. 


(Pl) XX Vy fies £25273) 
Panorpa pryeri var. major Miyake, Bull. Coll, Agr. Imp. Univ. Tokyo, 
vol, vi, Ne. Is p. 11, pl) a) fe S908) 
Size large; wing-markings strongly pronounced; apex of wing broadly 
black, caused by the coalescence of two or three striae. 
Length of body: ? 16 mm. 
Expanse : 40 mm. 
Loc. : Nikko, 


Time of Appearance: June. 


16. Panorpa leucoptera Uhler. 
Fultasyji-shiriagemushi, 
(Pl. XXXVL, fig. 16, 7, fig. 17, 3; claw—text-fig. 2, 1; appendage— 
Pl. XXXI, fig. 13.) 
Panorpa leucoptera Uhler, Proce. Ac. Nat. Sci. Philad., 1853, p, 31; 
M‘Lach., Trans. Ent. Soe. Lond., 1878, p. 186; Miyake, Bull. Coll. 
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Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 1 (1908); Navas, Rev. 
Russ. Ent., 1909, p. 4. 

Aulops leucoptera Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910) ; Miyake, 
Entomologist, vol. xliv., No. 574, p. 91 (1911). 

Body ochreous ; vertex of head shining black, rarely as in the body 
colour ; eyes ochreous, testaceous, or black ; ocelli pinkish ; antennae testaceous, 
with the basal joints fulvous; rostrum ochreous with two slender piceous 
stripes; thorax frequently with black patches at the base of wings; legs 
ochreous ;_ claws evenly curved, the apex somewhat produced over the teeth ; 
prominent teeth four. 

Wings hyaline, moderate, with the apex elliptical ; markings blackish or 
fuscous ; two spots at the areole of 7,. and 7s., of which one is at the origin 
and the other within it; pterostigmatal fascia very narrow and irregular, and 
commences at the posterior margin of the pterostigma, which is usually 
colourless and very rarely ochreous; the fascia is very broad between 7,. and 
7s, and abruptly narrowing between the first branch of rs. and 7,.; between 
the pterostigmatal fascia and the apex of wing two or three irregular patches 
are present; in certain specimens the markings are reduced to the mere ptero- 
stigmatal fascia, which runs only to the middle of wing; in certain cases, 
however, the markings are strongly pronounced ; longitudinal veins mostly 
fuscous; veins forming the stalk of m. and cw,., anals and cross veins colour- 
less ; first branch of radial sector with three or four branchlets. 

In the male the abdomen frequently bears black patches; second to 
seventh rather short, cylindrical, almost equal in length, of which the last 
segment is posteriorly truncate ; third segment produced posteriorly into a broad 
median lobe ; eighth somewhat longer and more slender than the preceding 
segment, truncate obliquely at the posterior margin; cheriferous segment 
large, chelae rather short, crossing each other; appendage very broad, each 
branch dilate towards middle and contacting each other along the body axis ; 
abdomen of the female frequently suffused with testaceous; appendages piceous. 

Length of body: ¢ 10-13 mm.; ? 12-14 mm. 
Expanse : 29-32 mm. 
Loc.: Sapporo; Hakodate ; Moiwa ; Jézankei (all in Hokkaido). 


Time of Appearance: August. 
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This species is very closely allied to pryeri and as both species vary so 
much beginners will experience difficulty in identifying the two species, but 
the two are distinct species and close studies will distinguish them. In pryeri 
the two striae on the rostrum are very broad and black, while in this species 
they are slender and piceous ; pterostigmatal fascia commences in pryeri at the — 
pterostigma, occupying the entire area of it, while in leucoptera it starts at 
the posterior margin of the pterostigma, the anterior part of this latter being 
usually unstained. Lesides, leucoptera is usually smaller in size, and wing- 


markings rather less pronounced. 


17. Panorpa wormaldi M‘Lachlan. 
Kiashi-shiriagemushi. 


(Pl. XXXVI, fig. 18, ¢; claw—text-fig. 2, m; appendage—Pl. XXXL, 
fig. 14.) 
Panorpa wormaldt M‘lach., Trans. Ent. Soe. Lond., 1878, p. 186; 
Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 1 
(1908); Navas, Rev. Russ. Ent., 1909, p. 4. 
Aulops wormaldi Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910) ; Miya- 
ke, Entomologist, vol. xliv., No. 574, p. 92 (1911). 
Body black; rostrum ochreous or fuscous ochreous; legs ochreous ; claws 
rather highly curved; apex not produced over the teeth ; prominent teeth four. 
Wings rather broad beyond the middle, hyaline with the acutely elliptical 
apex; markings black, not deeply coloured ; a streak along the costa from the 
base to the apex; an antero-posterior short streak at the end of subcosta ; 
pterostigmatal fascia posteriorly forked at middle; posterior margin bordered 
with an irregular fascia from the base to the pterostigma, the inner half running 
along the margin and the outer half somewhat apart from the margin, with 
two marginal spots conjoining to it; next outwardly to the pterostigmatal 
fascia, there is another linear streak between the anterior and posterior margins ; 
apex narrowly margined ; longitudinal veins except those of median and basal 
part black; the rest and cross veins colourless; membrane of wing somewhat 
iridescent ; first branch of radial sector with three branchlets. 


Abdomen black; the pleural membranes of the first to fifth segment yel- 
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lowish ochreous ; third abdominal segment produced in its posterior margin 
into a short, broad median lobe ; second to seventh segment cylindrical, almost 
equal in length and width; eighth very slightly longer than the preceding 
segment, cylindrical, and slightly narrower; cheliferous segment yellowish 
ochreous with basal portion above tinted with piceous; lateral portions stout, 
somewhat elongate; chelae very short, dilated towards its basal part; ap- 
pendage rather larger, piceous black, broad, almost straight, somewhat dilated 
towards the apex, which is abruptly acute. 
Length of body: ¢ 10mm; ? 12mm. 
Expanse: 27 mm. 
Loc.: Takaoyama near Hachidji. 
Time of Appearance: May. 

Since the markings in all examples that I have captured are not deeply 
coloured the fact may be considered as one of the specific characters. As I 
could not obtain specimens from other localities it may be rather a rare 
species and Takaoyama is a definite locality. 


18. Panorpa striata Miyake. 
Suji-shiriagemushi, 


(Pl. XXXVL, fig. 19, $5; claw—text-fig. 2, s.) 
Panorpa striata Miyake, Bull. Coll, Agr. Imp. Univ, Tokyo, vol. viii., 
No, 1, p. 5, pl. i., fig. 1 (1908) ; Navas, Rev. Russ. Ent., 1909, p. 5. 
Aulops striata Enderlein, Zool. Anz., Bd. xxxyv., p. 390 (1910); Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body totally black, except the cheliferous segment, which is ochreous 
brown ; legs fuscescent yellow; claws rather highly curved, with the apex 
more or less produced over the teeth; prominent teeth three. 

Wings with elliptical apex, the hind wing somewhat shorter than the fore 
wing; hyaline with black markings as follows:—subcosta with a streak from 
the base to the end; a small elongate spot connected with it transversely on 
the end of the subcosta; pterostigmatal fascia oblique, irregular, forked at its 
middle; two conjoined spots on the posterior margin internally from the 


pterostigmatal fascia; an irregular internally curved fascia from the anterior 
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margin to the posterior beyond the pterostigmatal fascia; between the two 
fasciae two elongate spots are present on the posterior margin; apex with a 
small dark portion, enclosing an elliptical spot of the ground colour in the fore 
wing ; longitudinal veins brownish black ; cross veins mostly whitish, 
Abdomen black; in the male the posterior margin of the third segment | 
produced into a short median lobe; sixth segment larger than the others ; 
seventh and eighth segments not so long as the others (except the first), the 
eighth scarcely longer than the seventh; cheliferous segment stout, ochreous yel- 
low ; chelae very short, the basal part of appendage very broken (apex damaged 
in the type specimen), distal part of it being kent downward between the lateral 
portion of cheliferous segment, so that they represent a transverse ridge akove. 
Length of body: ¢ 13 mm. 
Expanse : 27 mm. 
Loc. : Nikko (?). 
A single male specimen (type) in the collection of the Imperial Central 


Agricultural Experiment Station, without date of capture or locality. 


19. Panorpa multifasciaria Miyake. 


Hoso-madara-shiriagemushi. 


(Pl. XXXVI, fig. 20, ?; claw—text-fig. 2, n.) 

Panorpa multifasciaria Miyake, Journ. Coll. Agr. Imp. Univ. Tokyo, 

vol; in, Noivs,(p 196, pl..xij fie, 6 (i910), 

Aulops multifasciaria Miyake, Entomologist, vol. xliv., No. 574, p. 92 

(1911); 

Body fuscous black ; antennae piceous; rostrum black above, the lateral 
and under-sides with the palpi ochreous yellow; legs ochreous or fuscous 
yellow ; claws evenly curved, the apex not produced over the teeth ; prominent 
teeth three. 

Wings hyaline, with rather acuminate apex; black or rarely fuscous 
markings as follows:—in some specimens there is a streak between the 
subcosta and radius from the base to the end of the former; in some speci- 
mens this streak is reduced to a very short one situated near the end of 


subcosta ; and again in some specimens this streak is entirely absent; two 
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conjoined (rarely separate) elongate spots situated transversely just at the 
end of subcosta ; pterostigmatal fascia irregular, oblique, dilated anteriorly at 
pterostigma and forked posteriorly in the middle of wing; posterior margin 
with an irregular fascia from the base to the end of the pterostigmatal fascia, 
the inner half running along the margin and the outer half, consisting of two 
conjoined spots, running a little anteriorly apart from the margin, so that two 
quadrate hyaline patches being enclosed between them; an irregular, sometimes 
discontinuous fascia running from the pterostigma (uniting anteriorly with 
the pterostigmatal fascia) to the posterior margin; another irregular fascia. 
beyond the one just mentioned, from the costal to the posterior margin, forked 
in its lower half or broken into short streaks ; a curved streak just before the 
apex; in some specimens, however, this is divided into many small spots; a 
rather indistinct short streak between each of the veins along the apex ; 
longitudinal veins, except those of median and. basal parts of wings, black ; 
the rest and most of the cross veins black; wings somewhat iridescent ; first 
branch of radial sector with four branchlets. 

Abdomen in the male (unique specimen) rather short, fuscous, the ventral 
side and the cheliferous segment ochreous; posterior margin of the third 
dorsal segment produced into a short broad median lobe; sixth segment 
broadest of all the segments just as in the allied species striata; seventh equal 
in length to the sixth; cheliferous segment short but rather large, ochreous ; 
lateral portion strongly rounded, chelae very short, but the basal two-thirds 
much dilated ; appendage not satisfactorily recognizable on account of shrin- 
kage ; abdomen of the female tinged with fuscous all over ; appendages piceous. 

Length of body: ¢ 8mm.; ? 13 mm. 

Fxpanse: ¢ 28mm.; ¢ 30-32 mm. 
Loe.: Goka-no-sho, Kiushiu; Mt. Hikosan, Kiushiu ; Gifu. 
Time of Appearance: April, May. 

This species is closely allied to wormaldi and striata in the wing-markings, 
though each species has some peculiar feature of its own. In all, the 
posteriorly forked pterostigmatal fascia, with the inwardly situated anterior 
and posterior marginal fasciae, is essentially alike, though there may be some 
slight differences between them. The outwardly situated second fascia is 


simple in the present species, while in wormaldi it is forked in its lower 
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half, and in striata its upper half is wanting, the lower forked portion alone 
running on the posterior margin; the third fascia of the present species is 
forked in its lower half, while that of wormaldi is straight and simple, and 
that of striata curved and simple, though inclined to join with the above 
stated marginal portion of the second fascia. Near the apex there is a short — 
fascia in the three species ; it is nearest to the apex and therefore shortest 
in wormaldi, striata comes next, and in the present species it is most 
removed from the apex and therefore longest. Besides, there is in this species, 
between each of the veins, a series of short apical striae which are never present 
in the other two species. Of course it is possible that the wing-markings of 
the present species may sometimes break up into pieces which are often 
hardly possible to trace. Besides, the wing of wormaldi is broader in propor- 
tion near the apex while that of the present species is only moderately so 


and therefore it looks slender. 


20. Panorpa takenouchii Miyake. 


Hoshi-shiriagemushi. 


(Pl. XXXVI, fig. 7, ¢; fig. 10, $ ; claw—text-fig. 2, p, q; abdomen— 
Pl. XXITX., fig. 15.; appendage—Pl. XXX., fig. 3.) 

Panorpa takenouchit Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., 

No. 1, p. 10, pl. i., fig. 5 (1908); Navas, Rev. Russ. Ent., 1909, p. 5. 

Aulops takenouchi Enderlein, Zool. Anz., Bd., xxxv., p. 390 (1910); 

Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body ochreous in the male and piceous to black in the female; vertex 
of head with the eyes shining black; ocelli ochreous or pinkish; antennae 
piceous with the basal joint ochreous; rostrum ochreous edged laterally with 
a testaceous stripe; palpi testaceous; thorax in the male ochreous, with a 
fuscous patch at each side of scutum ; in the female it is black, with the posterior 
margin of the prothorax and meso- and meta-scutellum (in one specimen meso- 
scutum as well) ochreous; legs ochreous; claws evenly curved, with the apex 
produced as long as the teeth; prominent teeth four. 

Wings rather narrow, hyaline, with the apex rounded; in the male two 
black spots are present (frequently conjoining into a fascia) on the costa and 


the hind margin before the pterostigmatal fascia; pterostigmatal fascia narrow, 
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slightly curved inwardly; in a specimen it is separated into two spots, 
one on the costa and the other on the posterior margin; in the female there 
is another costal patch still internally near the base, which in a specimen is 
produced to the posterior margin; the next outer spots, corresponding to the 
innermost spots of the male, conjoined into an anteroposterior band, which 
also in the male rarely happens ; pterostigmatal fascia angulated towards the 
base of wing in the middle and frequently conjoining with an internal spot 
on the posterior margin, giving the figure of a A; between the apex and the 
pterostigmatal fascia a spot is present on the posterior margin, always in the 
female and occasionally in the male; frequently the above stated fasciae 
isolated anteroposteriorly on the costa and posterior margin, as in the type 
form; apex tinged with black, obliquely and outwardly, in the form of an ellipse; 
longitudinal veins fuscous where they cross the markings ; the rest ochreous 3 
cross veins colourless; first branch of radial sector with three branchlets. 

Abdomen with the second to the sixth segment cylindrical, almost equal in 
length ; (in a male specimen, the second segment bears two conjoined black 
patches); in the male the posterior margin of the third dorsal segment 
produced into a very long process, extending over the cheliferous segment 
when it is bent up, and if abdominal segments are stretched straight it 
reaches the basal portion of the eighth segment; the process is rod-like, 
almost equal in thickness, slightly constricted near the base and somewhat 
dilated at the apex; it comes in contact ventrally with the middle posterior 
region of the fourth dorsal segment, the contacting portions of both bodies 
being hairy and slightly tuberculating (see Pl. XXIX., fig. 15); seventh and 
eighth obconical, larger and more slender than the preceding segment, truncate 
obliquely in the posterior margin; the basal portion of the cheliferous segment 
large; chelae rather small, crossing each other in an oblique direction; ap- 
pendage very slender without stalk, the branches widely distant from each 
other and diverged posteriorly ; between the chelae there is a pair of V-shaped 
chitinous harpes which are crossed with each other in the form of a W; in 
the female first to sixth black; the rest and pleural membranes ochreous ; 
terminal segment slightly tinged with testaceous ; appendages piceous. 

Length of body: ¢ 10-12mm; ? 12-15 mm. 
Expanse: ¢ 27-29mm.; ? 30-35 mm. 
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Loc.: Tosa; Mt. Iwawaki, Kii ; Mt. Hikosan, Kiushiu ; Formosa(?). 

Time of appearance: May; July to August. 
The male form has not hitherto been described. It is to a certain extent 
allied to Panorpa sauteri of PETERSEN in having a long process on the third 
abdominal segment, but in that species the process does not surpass the 


sixth segment, while in the present species it extends over the eighth segment. 


21. Panorpa nikkoenis Miyake. 
Nikko-shiriagemushi. 


(Pl. XXXVI, fig. 4, 9; claw—text-fig. 2, r.) 
Panorpa nikkoensis Miyake, Bull. Coll, Agr. Imp. Univ. Toky6, vol. viii., 
No. 1, p. 11, pl. i., fig. 2 (1908); Navas, Rev. Russ. Ent., 1909, p. 5. 
Aulops nikkoensis Enderlein, Zool. Anz, Bd. XXXV., p. 390 (1910) ; 
Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body fusecous ochreous; head black; antennae with the basal joint 
ochreous ; rostrum yellowish, with two brownish stripes ; thorax and abdomen 
ochreous brown ; meso- and meta-thorax ochreous ; legs ochreous ; claws evenly 
curved, with the apex slightly produced beyond the teeth; prominent teeth 
four. 

Wings rather broad hyaline; apex elliptical ; three small brownish black 
spots along the anterior margin, the outermost of which is in the pterostigma ; 
a small spot on the posterior margin beyond the middle in the fore wing, 
and just at middle in the hind wing; a small spot just at the apex; 
longitudinal veins fuscous; cross veins white; first branch of radial sector 
with three branchlets. 

Abdomen (in the female) fuscous ochreous, with the second to the fourth 
segment. testaceous above ; appendages piceous. 

Length of body: ? 11mm. 
Expanse: 32mm. 

Loe.: Nikko. 

Time of Appearance: July, August. 


The type (?) was captured by Prof. Sasaxr* at Chuzenji, Nikko, on Aug. 


* Erroneously I mentioned in the original description the capturer as Mr. Murata. 
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28, 1887. The author obtained a female specimen at the same locality on 
July 20, 1900. 


22. Panorpa klugi M ‘ Lachlan. 
Bekko-shiriagemushi. 


(Pl. XXXV., fig. 10, ¢; claw—text-fig. 2, t; appendage—Pl. XXX., 
fig. 18.) 
Panorpa klugii M ‘ ach., “‘ Journ, Linn. Soe. Zool., ix., p. 256 (1867).” 
Panorpa klugi M ‘ Lach., Trans. Ent. Soe. Lond., 1878, p. 185; Miyake, 
Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 1. (1908); 
Navas, Rev. Russ. Ent., 1909, No. 3, p. 4. 

Aulops klugi Enderlein, Zool, Anz. Bd. xxxv., p. 390 (1910); Miyake, 
Entomologist, vol. xliv., No. 574, p. 91 (1911). 

Panorpa klugi subspec. nigra (part) Miyake, Journ. Coll. Agr. Imp. 
Univ. Tokyo, vol. iv., No. 2, p. 137 (1912). 

Body testaceous, piceous, or black; legs fuscous or yellowish; claws 
stout, rather highly curved, with the apex hardly produced beyond the teeth; 
prominent teeth four. 

Wings moderate, the apex rounded; tinged with yellowish or testaceous 
yellow ; pterostigmatal fascia rather narrow, with sharply defined edges ; one 
or two spots before the fascia and a spot on the posterior margin between 
the fascia and the apex frequently present; longitudinal veins testaceous or 
piceous, cross veins pale or testaceous; first branch of radial sector with 
three or four branchlets. 

In the male the second to the fifth abdominal segment cylindrical, 
gradually shorter and longer; the dorsal posterior margin of the third 
abdominal segment produced into a short median lobe; sixth and seventh 
longer and narrower than the fifth; eighth slender, obconical, truncate 
obliquely at the posterior margin; cheliferous segment rather large; basal 
portion elongate; chelae slender, reddish testaceous, usually crossing each 
other at the apices; appendage with a long stalk, the branches rather long 
and slightly approximated towards apex; rarely they are rather short and 


divaricate. 
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Length of body: ¢ 12-15 mm.; ? 10-19 mm. 
Expanse: 25-35 mm. 
Loc.: Tokyo; Takaomaya ; Nagano; Kiso; Gifu ; Hakone: Harima ; 
Mt. Gozu, Echigo; Okkai; Konsei-toge; Akagi; Mt. 
Myogi; Nikk6; Hibara, Iwashiro; Aomori; Towada; Mt. | 
Nasu; Shiobara; Kiushiu (according to Prof. Matsunuma)— 
possibly of general distribution in Japan. | 
Time of appearance: May to October.—In the vicinty of Tokyo 
it appears twice a year, first in May to June and second 
August to October. 
In the vicinity of Tokyo the summer form (first brood), appearing in 
August, is ochreous yellow and the spring form (second brood), appearing in 
May, is blackish or piceous. In mountainous places, however, this is quite 


unfixed. 


Subspecies nipponensis Navas.* 
Maruhane-shiriagemushi. 


(Pl. XXXYV., figs. 13, §, 14, ¢; Pl. XXXVIL., figs. 11-345; appendage 
Pl. XXX., fig. 20). 

Panorpa nipponensis Navas, Mem. R. Acad. Ci. Bar. vol. vi., No. 25, p. 
20 (1908); Rev. Russ. Ent., 1909, No. 3, p. 7. 

Panorpa brachypennis Miyake, Bull. Coll. Agr. Imp. Uniy. Tokyo, Vol. 
Vill, NO! Leap deap!. i., ha: 9 (19038): 

Aulops brachypennis Enderlein, Zool. Anz.. Bd, xxxv., p. 390 (1910). 

Aulops nipponensis Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Panorpu klugi subspee. nigra (part) Miyake, Journ. Coll. Agr. Imp. 
Univ. Tokyo, vol. iv., No. 2, p. 137 (1912). 

Campodotecnum(?) brachypennis Enderlein, Notes Leyd. Mus., vol. xxxiv., 
p- 235 (1912). 

Campodotecnum(?) nipponensis Enderlein, 1.c. 

Wings broad; pterostigmatal fascia irregular, outwardly with a short 


branch, which usually does not reach the posterior margin; apical dark 


* Purersen considers nipponensis and klugi different species. However, I am of another 
opinion ; for this see the end of paragraph on next page. 
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portion inwardly curved in the middle; branches of appendage rather short, 
divaricate or parallel. 
Length of body: ¢, ¢ 13-16 mm. 
Expanse: 28-33 mm. 
Loe.: Nikk6; Hakone; Tokyo. 
Time of appearance: July to September; May (Tokyo). 
This form appears to be a quite different species from klugi. However, 
my breeding experiments suggested to me that it should be considered as a 
varietal form of klugi. TENDERLEIN presumed that it may belong to his genus 
Campodotecnum, but it bears no character of that genus, as far as I could 
discover. 


Subspecies drouarti Navas. 


Panorpa drouarti Navas, Mem. R. Acad. Ci. Bar. vol. vi., No. 25, p. 
21 (1908); Rev. Russ. Ent., 1909, No. 3, p. 7. 
Panorpa dyscola* Navas, Mem. R. Acad. Ci. Bar. vol. vi., No. 25, p. 22 
(1908) ; Rev. Russ. Ent., 1909, No. 3, p. 5. 
Aulops drouarti Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 
Aulops dyscolu* Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 
Wings with complete or incomplete oblique narrow fascia before the 
pterostigmatal fascia. 
Length of kody: ¢ 17-1915t+ mm.; ¢ 33 mm. 
Expanse: 28-33 mm.{ 
Loe.: Tokyo; Kofu (according to Navas). 
‘The typical form is still unknown to me. However, from the modes of 
variation represented in the collection of klugi before me, we ean infer it 


cannot be any other than some varietal form of Adiqi. 


Subspecies maculata n. subspec. 


(Pl. XXXV., fig. 11, 2; Pl. XXXVIL., figs. 29-32). 


* Prrersen thinks dyscola is the same as pulchra mili, However, pulchra is the species 
which has hyaline wings almost without exception, while dyscola is reported to have wings “ fusco 
levissime tinctae.” For this reason I consider the latter to be a varietal form of klugi. 

+ I mention this after the original description of Navas. I cannot but think that it is an 
érror, because we cannot recognize such an enormous size in Panorpids, 

t It is calculated approximately from the length of fore wing given by Navas, 
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Pterostigmatal fascia broad, with the edges irregular; one or two spots 
inwardly from the fascia present. 
Length of body: ¢ 15 mm.; ? 11-15 mm. 
Expanse: ¢ 27; ¢ 27-33 mm. 
Type: Two male and female specimens in the collection of Agri- | 
cultural College. 
Loc.: Hakone; Kii. 


Time of Apprearance: August. 


Subspecies quadrimaculata n. subspec. 


(Pl. XXXYV., fig. 12, $; Pl. XXXVIL., figs. 33, 34.) 

A small spot at middle of the anterior margin, connected with a large 
quadrate spot on the posterior margin ; pterostigmatal fascia furecate ; posterior 
margin near the base frequently suffused with black. 

Length of body: $ 12 mm.; 14 mm. 
Expanse: 26 mm.; 31 mm. 
Type: Two female specimens in my collection. 
Loc. *)ehakone > Kil. 
Time of Appearance: August. 

A female specimen captured by Mr. Yamazaxt at Hakone, Aug. 1910, 

and a female specimen captured by Mr. Issarxt on Mt. Iwawaki, Kii, 1910. 


These specimens represent a very interesting feature, showing us the kinship 
of klugi and trizonata. 


23. Panorpa trizonata Miyake. 
Misuji-shiriagemushi, 
(Pl. XXXYV., figs. 17,18, ¢ ; claw—text-fig. 2, 0; abdomen and append- 
age—Pl. XXXIV., figs. 12a, 12b.) 
Panorpa tizonata Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., 
No. 1, p. 9, pl. i., fig, 11 (1908); Navas, Rev. Russ. Ent., 1909, p. 5. 
Aulops trizonata Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910) ; Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 


Campodotecnum(?) trizonata Enderlein, Notes Leyd. Mus., vol. xxxiv., p. 
235 (1912). 
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Body black, testaceous or piceous; eyes blackish ; ocelli pinkish ; rostrum 
and antennae blackish to piceous; palpi piceous or testaceous ; legs ochreous 
or fuscous yellow; claws highly curved, the apex slightly produced over the 
teeth ; prominent teeth three, which are very acutely pointed. 

Wings rather narrow, the apex rounded, yellow; pterostigmatal fascia 
very broad, fureate externally in the middle, forming an oblique branch 
ending on the posterior margin; another likewise broad fascia internal to 
the pterostigmatal fascia ; between the two fasciae a costal spot is frequently 
present in both sexes; apex broadly black, with the inner edge slightly 
ineurved ; in the typical specimen the longitudinal veins ochreous, except the 
portions in the markings where they are fuscous; in many specimens the 
veins fuscous throughout; cross veins colourless or ochreous ; first branch of 
radial sector with three branchlets. 

Abdomen with the fourth to the eighth segment testaceous; postereor margin 
of the third dorsal segment produced into a short, broad, median lobe, which is 
usually broader but far shorter than that of japonica; fifth segment very 
slightly longer than the fourth, cylindrical; sixth long, stout, conico-cylindrical ; 
seventh and eighth almost equal in length and much more slender than the 
preceding segment, so that the abdomen is abruptly attenuated from the 
seventh towards the end; cheliferous segment rather smaller and less stout 
than in japonica; chelae long and slender, the appendage longer than in 
japonica but shorter than in ochraceopennis, and curved as in the latter 
species. 

Length of body: ¢, $ 18-22 mm. 
Expanse: 27-32 mm. 
Loc.: Mt. Iwawaki, Kii; Hakone; Takaoyama. 
Time of Appearance: July to September. 

It is remarkable that the male has usually a costal spot between the 
two fasciae, in the female this rarely occurs, and in both sexes the pterostig- 
matal fascia is usually farcate oatwardly as in japonica, occasionally, however, 


in some female specimens it is sharply defined on both margins. 
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24. Panorpa ochracea Miyake. 
Ki-hada-shiriagemushi. 


(Pl. XXXVL, fig. 11, ¢; claw—text-fig. 2, x; appendage—Pl. XXX., 
fiz. 19.) 
Panorpa ochracea Miyake, Bull, Coll. Agr. Imp. Univ. Tokyo. vol. viii., 
No. 1, p. 3, pl. i, fig. 9 (1908) ; Navas, Rev. Russ. Ent., 1909, No. 
So uipaoy 

Aulops ochracea Enderlein, Zool. Anz., Bd. xxxy., p. 390 (1910) ; Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Campodotecnum (?) ochracea Enderlein, Notes Leyd. Mus., vol. xxxiv., p. 
235 (1912). 

Body ochreous ; vertex of head shining black, ocelli and eyes brown; 
antennae black; rostrum testaceous towards apex; prothorax black except 
the posterior margin; anterior half of the mesothorax blackish; a black 
line on the anterior margin of metathorax; legs brownish ochreous ; claws 
highly curved with the apex produced over the teeth; prominent teeth three, 
broad. 

Wings moderate ; apex elliptical, tinged with ochreous, the basal half more 
deeply coloured; pterostigmatal fascia narrow; apex brownish black with 
slight internal sinuation; one or two small spots before the fascia in the fore 
wing and one or no spot in the hind wing; longitudinal veins testaceous 
and cross veins mostly colourless ; first branch of radial sector forked in four 
branchlets. 

Abdomen moderately Jong, brownish ochreous; a metallic black line on 
the first dorsal segment; two irregular metallic black patches on the second 
dorsal segment; the posterior margin of the third dorsal segment produced 
into a short broad median lobe ; sixth and seventh thick, cylindrical, truncate 
and equal in length; eighth slightly longer than the seventh, cylindrical, 
truncate posteriorly ; cheliferous segment short; basal portion less stout than 
in japonica and klugi, the chelae brownish ochreous with the tips brown, 
longer in proportion than in the preceding species; appendage ochreous brown, 
stalked, the branches divaricate and short as in japonica but more curved 


than in that species. 
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Length of body: ¢ 19mm. 

Expanse : 37 mm. 
Loc.: Takaoyama; Yoshino; Mt. Iwawaki, Kii. 
Time of Appearance : August. 

This species is closely allied to klugi in the colouration of body and in 
the markings of wing, but is readily distinguished from the latter by dif- 
ference in size (expanse in klugi 27-30mm) and by the shorter appendage. 
In structural aspect it resembles japonica, but the colouration of body and 
wing, wing-markings and structure of the cheliferous segment distinctly 


separate the two speciss. 


25. Panorpa obscura Miyake. 
Ko-obi-shiriagemushi. 


(Pl. XXXVI, fig. 22, ¢; claw—text-fig. 2, v; appendage—Pl. XXXL, 
fig. 17.) 

Panorpa obscura Miyake, Journ. Coll. Agr. Imp. Univ. Tokyo, vol. ii., 

No. 3, p. 195, pl. xi., fig. 5 (1910). 

Aulops obscura Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body blackish piceous; antennae and eyes testaceous ; rostrum blackish 
piceous, with the palpi testaceous ; legs yellowish ; claws evenly curved ; apex 
slightly produced over the teeth; prominent teeth three, with the basis very 
broad. 

Wings moderate, slightly tinged with ochreous yellow ; apex elliptical ; ptero- 
stigmatal fascia rather broad but narrower than that of gaponica and rectifas- 
ciata, the outer and inner edges rather wavy; apex also fuscous, with the 
inner edge slightly sinuous beyond the middle ; no points or patches otherwise 
present ; longitudinal and cross veins fuscous, of which the latter are somewhat 
lighter in colour; first branch of radial sector usually with four branchlets. 

Abdomen blackish or blackish testaceous ; in the male the posterior mar- 
gin of the third dorsal segment is produced into a short broad median lobe ; 
sixth segment stout, cylindrical; seventh slightly narrower and longer than 
the sixth ; eighth slightly longer and much narrower than the seventh ; cheliferous 


segment rather slender, the chelae ochreous, slender, the appendage rather long, 
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with a long stalk; branches of appendage divaricate towards their extremities, 
so as to show Y-shaped structure. 
Length of body: ¢ 16mm.; $ 13 mm. 
Expanse: 27-32 mm. 
Loe. : Hibara, Iwashiro ; Aomori. 
Time of Appearance: July, August. 

This species is allied to rectifasciata in its wing-markings, but as stated 
above, the ground colour of its wings is ochreous yellow, while that of vecti- 
fasciata is almost hyaline; the pterostigmatal fascia of the former is wavy 
and much narrower in proportion, while that of the latter is always straight, 
with very sharp edges and much broader than in the former. In this point 
it is also allied to certain forms of klugi. However, the structure of the cheli- 
ferous appendage readily separates the present species from the other two, 
because in this species each branch of the appendage is almost straight and 
divaricate distally, so as to show a Y-form, while that of ~vectifasciata is 
much shorter and more curved and that of klugi is longer and approximated 
towards the extremity. 

This species seems to be very rare, as it oceurs only in a smail restricted 


area, 


26. Panorpa ochraceopennis Miyake. 
Kibane-shiriagemusht. 


(Pl. XXXV., fig. 15, ¢; claw—text-fig. 2, u; appendage—Pl, XXXI, 
fig. 18.) 

Panorpa ochraceopennis Miyake, Journ. Coll, Agr. Imp. Univ. Tokyo, vol. 

it,, No 3; p90) pl. xi., fig. 1 (1910); 
Aulops ochraceopennis Miyake, Entomologist, vol. xliv., No. 574, p. 92 
(1911): 

Body black or blackish piceous; rostrum black; antennae and_ palpi 
fuscous to piceous; legs ochreous or fuscous ochreous; claws highly curved, 
the apex strongly produced; prominent teeth three, of which one or more 
teeth are usually flat and broad. 


Wings moderate, tinged with fuscous ochreous ; a little narrower compared 
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with that of japonica; apex elliptical; pterostigmatal fascia very broad, the 
outer edge of which is almost always sharply defined, though in a few cases 
it is slightly irregular, and the inner edge always fureate on its upper and 
lower portions; the upper branch arises just beyond the middle, running to 
the anterior margin, oblique in a direction contrary to that of the fascia ; when 
it is produced to the anterior margin it encloses a round untinged space be- 
tween the branch and the fascia; the lower branch runs always along the 
posterior margin and is usually more prominent than the former ; both branches 
especially the lower one enlarge frequently into irregular patches, which 
when very pronounced may become continuous with each other; the furcation 
of the inner edges predominates usually in the fore wing, the inner edge in 
the hind wing in many examples being defined sharply like the outer edge ; 
oceasionally, however, it is furecate or the fureate portions reduced to marginal 
spots; apex also broadly blackish, with almost straight or slightly sinuated 
internal edge ; longitudinal and cross veins of the basal half and the portion 
where they cross the markings mostly black; those of the space between the 
fascia and the apical portion yellowish; first branch of radial sector with four 
branchlets. 

In the male, the posterior margin of the third abdominal segment is 
produced into a short, broad, median lobe, which is, however, shorter and 
broader than that of japonica and therefore less conspicuous than in the latter 
species; sixth, seventh and eighth segments almost equal in length, though 
they are very slightly longer in progression; sixth segment very stout and 
obconical, while seventh is very slender and cylindrical and much like the. 
eighth, which is also very slender, so that the abdomen is abruptly attenuated 
from the seventh towards the extremity; cheliferous segment rather smaller 
and less stout than in japonica, chelae long, the appendage rather long and 
moderately curved as in Aldugi and the distal half bent downward between 
the two lateral portions. 

Length of body: ¢ 11-18mm.; ? 12-15 mm. 
Expanse : 29-37 mm. 

Loc.: Mt. Nasu; Hibara, Iwashiro ; Mt. Yudono ; Usui-toge ; Nikko ; 
Okkai, Kotsuke. 

Time of Appearance: July, August. 
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27. Panorpa lewisi M‘Lacblan. 
Tsumaguro-shiriagemushi. 


(Pl. XXXYV., fig. 16, ¢; claw—text-fig. 2, w; appendage—Pl. XXX., 
fig. 15.) 
Panorpa lewisi M‘Lach., Bull. Soc, Ent. Suiss., 1887, p. 402; Bull. Coll. 
Agr. Imp. Univ. Tokyo, vol. iii., No. 1, p. 1 (1908); Navas, Rev. 
Russ. Ent., 1909, p. 4. 

Panorpa chuzenjiensis Miyake, Joarn. Coll. Agr. Imp. Univ. Tokyo, vol. 
ii.;) Nomis p20 (1910); 

Aulops lewist Enderlein, Zool. Anz., Bd. xxxv., p. 390 (1910) ; Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body black ; antennae and palpi blackish piceous ; legs fuscous ochreous, 
with the coxa and trochanter black; claws highly curved, the apex strongly 
produced over the teeth; prominent teeth three, apices not so sharply pointed. 

Wings moderate, tinged with fuscous ochreous ; slightly narrower compared 
with that of japonica; apex elliptical; a small blackish costal patch some- 
what triangular in the fore wing and semi-elliptical in the hind wing, just at 
the commencement of the pterostigma, occupying about one third of the latter ; 
apex tinged with blackish (not so broad as in japonica), with almost straight 
internal edge running obliquely posteriorly and outwardly ; no other patch or 
fascia present; pterostigma somewhat opaque ; longitudinal veins black ; cross 
veins black except in the apical portion where they are white; first branch 
of radial sector with three or four branchlets. 

Abdomen black; in the male the posterior margin of the third dorsal 
segment is produced into a short but very broad median lobe (broader than 
that of japonica); sixth, seventh and eighth segments cylindrical, almost equal 
in length and much more slender than in japonica; chelae long; appendage 
rather long and moderately curved and the distal half bent downward 
between the two lateral portions. 

Length of body: ¢ 19-20mm.; ¢ 12 mm. 
Expanse : 38 mm, 
Loe. : Chuzenji, Nikko ; Okkai, Kotsuke. 


Time of Appearance: July. 
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Genus Panorpodes M‘Lachlan (1875). 


Antennae long; rostrum rather bluntly ended. Wings broad, marked or 
unmarked ; subcosta usually connected with the costa by two cross veins. 
Legs moderately long; ventrally without teeth. Abdomen cylindrical in the 
male and conical in the female; first abdominal segment modified. Male 
with the forceps at the extremity. Habits unknown. 

Key to the species found in Japan. 
me Wings unmatked.) 2.0 iad os 528, ie dey peredona. 
B. Wings marked. 
a. Apex of wings margined with fuscous. 
a’, With no other markings. Sot tress Aid jammer 
b*. With Y-shaped marking in the fore or in both wings. 
decorata, 


b. Apex of wings not margined with fuscous, .. xotata. 


28. Panorpodes parodoxa M‘Lachlan. 
Sukashi-shiriagemushi-modoki. 


(Pl. XXXVI, fig. 1, ¢ ; claw—text-fig. 2, y; appendage—Pl. XXXI., 
figs. 8 a, 8 b.) 

Panorpodes paradoxa M‘Lach., Trans. Ent. Soc. Lond., 1875, p. 189; 

Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 2 
(1908) ; Navas, Rev, Russ. Ent., 1909, No. 3, p. 5; Enderlein, Zool. 
Anz., Bd. xxxv., p. 393 (1910); Miyake, Entomologist, vol. xliv., No. 
574, p. 92 (1911). 

Body testaceous or ochreous; ocellar triangle usually shining black ; 
ocelli ochreous; eyes shining black; antennae and palpi testaceous; legs 
ochreous. 

Wings rather broad, apex acutely elliptical, ochreous, without markings ; 
pterostigmal region usually of a deeper shade than the ground colour, opaque 
and finely granulose ; longitudinal veins fuscous; cross veins almost colour- 
less; first branch of radial sector with three branchlets. 


Abdomen in the male rather short, the second to eighth segment cylindr- 
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ical, short, and almost equal in length; the eighth obliquely truncate on the 
posterior margin ; cheliferous segment exceedingly large, the chelae small, cross- 
ing each other in a very oblique direction; appendage large, with a long 
stalk and two stout lateral branches, which are curved and approximated very 
closely at their apices, where there is a small triangular black process with | 
some dentation on each inner edge; in the female the terminal segments of 
abdomen are telescoped inward so that the abdomen looks very short and 
conical, whereas in reality it is far longer than in Panorpa and cylindrical. 
Length of body: ¢ 10-13 mm.; ¢ 11-14 mm. 
Expanse: 30-33 mm. 
Loe. : Nikko; Takaoyama ; Goka-no-sho; Gifu; Mt. Gozu, Echigo ; 
Akita, Ugo. 
Time of Appearance: May; July (Nikko). 
This insect seems to appear once a year, in plains in May and in 


mountainous places in midsummer. 
Subspecies stigmatica n. subspec. 


(Pl XXXVIL.,. fig; 2, ¢-) 

Head testaceous; thorax mostly piceous; abdomen piceous or piceous 
black ; longitudinal veins deeply fuscous ; cross veins hyaline ; stigmatal region 
tinged with fuscous. 

Length of body: 2 12mm.; 13mm. 
Expanse: 32 mm.; 35 mm. 

Type: Two female specimens, one captured by Mr. HAaTakEYAMA on 
Mt. Gozu, Echigo, on June 9, 1910, and the other by the author 
at Nikko, June 22, 1911. 


29. Panorpodes naevia Navas. 


Tsumaquro-shiriagemushi-modoki. 
(Pl. XXXVII., fig. 3, 2.) 
Panorpodes naevia Navas, Rev. Russ. Ent., 1909, No. 3, p. 1; Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 
Panorpodes apicalis Miyake, Journ, Coll. Agr. Imp. Univ. Tokyo, vol. 
ii., No. 3, p. 203, pl. xi., fig. 4 (1910). 
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Body totally ochreous; antennae and palpi testaceous; eyes ochreous ; 
ocellar triangle fuscous ; legs yellow. | 

Wings pale ochreous with the apex rounded ; towards the apex they are 
much broader in proportion than in paradoxa; apices are margined with 
fuscous ; pterostigmatal region uniformly coloured as tke rest of wing and not 
opaque as in paradoxa; first branch of radial sector with three branchlets. 

Length of body: ? 11 mm. 
Expanse: 33 mm. 
Loc.: Takaoyama; Mt. Gozu, Echigo. 
Time of Appearance: May. 

This species is allied to a certain extent to paradoxa, but differs by its 
lighter coloured and relatively broader wing with rounded apex, and uniformly 
coloured pterostigma, paradoxa having deeply colomed wings, with slightly 
narrowed elliptical apex and opaque testaceous pterostigma. 


Male unknown. 


30. Panorpodes decorata M‘Lachlan. 
Matamon-shiriagemushi-modoki. 


(El ex VLE, fist “7, ¢:) 

Panorpodes decorata M‘T.ach., Bull. Soc. Ent. Suiss., 1887, p. 405; Mi- 
yake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 2; 
Navas, Rey. Russ. Ent., 1909, p. 5; Miyake, Entomologist, vol. xliv., 
No. 574, p. 92. 

Body mostly fuscous ; vertex of head, ocellar triangle and eyes shining 
black ; antennae and palpi piceous; basal joint of antennae fulvous; rostrum 
ochreous, anteriorly with a broad piceous band; posterior margin of prothorax, 
dorsal median part of scutum, scutellum, and postscutellum of meso- and 
meta-thorax ochreous ; the rest piceous ; legs ochreous. 

Wings tinged with ochreous like paradoxa but more dilated outwardly than 
in that species; apex usually more acute than in paradoxa ; pterostigmatal 
fascia fuscous, anteriorly forked in the middle, showing a Y-figure which 
encloses a round spot of the ground colour between the two branches ; a short 


streak or spot between cw. and cw. ; apex bordered with piceous ; between the 
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pterostigmatal fascia and the apex of wing one or two irregular fasciae are 
present, of which the inner one occasionally unites anteriorly with the outer 
forked branch of the pterostigmatal fascia at the pterostigma; longitudinal 
veins fuscous; cross veins colourless ; first branch of radial sector with three 
branchlets. 
Abdomen (in the female) conical, mostly fuscous or piceous; terminal 
segments ochreous. 
Length of body: ? 14 mm. 
Expanse : 30-36 mm. 
Loc.: Nikko; Mt. Gozu, Echigo ; Betsuzan, Kaga. 
Time of Appearance: June; August. 


Male unknown. 


Subspecis singularis Miyake. 
Kasuri-shirvagemushi-modoki. 


(Pl. XXXVIL., fig. 4, $.) 
Panorpodes singularis Miyake, Journ. Coll, Agr. Imp. Univ. Tokyo, vol. 
ii, No. 3, p. 204, pl. xi. fiz, 9 (1910); Entomologist, vol. xliv., No. 
574, p. 92 (1911). 

Body testaceous ; the Y-shaped pterostigmatal fascia of fore wing reduced 
into three spots, two anteriorly and one posteriorly placed; hind wing has 
only one costal spot instead of the pterostigmatal fascia, 

Length of body: ? 13 mm. 

Expanse : 32 mm. 
Loc. : Hibara, Iwashiro ; Mt. Gozu, Echigo. 
Time of Appearance: July. 


Male unknown. 
Subspecies limbata (Navas). 


Maye-matamon-shiriagemushi-modoki. 


(Pl. XXXVIL, fig. 5, 2.) 
Panorpa limbata Navas, Rev. Russ. Ent., 1909, No. 3, p. 2. 
Panorpodes limbata Miyake, Entomologist, vol. xliv., No. 574, p. 92 (1911). 
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Body piceous; the Y-shaped pterostigmatal fascia present only in the fore 
Wing; in the hind wing it is reduced into four spots, two anterior on the 
costa, one in the middle and the other one on the posterior margin. 

Length of body: ? 11mm; 13 mm. 
Expanse : 32 mm. 
Loe. : Chiizenji, Nikko. 
Time of Appearance: July. 
Male unknown. 


Subspecies confusa n. subspec. 
Midare-shiriagemushi-modoki. 
(Ee AAV iL fie G43 Pl. XXX, fie. 11.2, 


Body fuscous yellow with slight brown tinge; head testaceous ; rostrum 
with the palpi and antennae testaceous ; legs fuscescent yellow. 

Wings pale yellowish, with the apex rounded; pterostigmatal region entirely 
yellowish fuscous; apex margined with fuscous; in the fore wing there is a rather 
irregular fascia present, obliquely from the anterior to the posterior margin, out- 
wardly to the pterostigmatal fascia; pterostigmatal fascia arises at the internal 
end of the pterostigmatal patch and terminates at the posterior margin, which 
is connected with the first mentioned fascia by the stigmatal patch; another 
still internally placed fascia across the wing, which is connected with the last 
mentioned fascia by a bar on the radius; a small fuscous spot at cz. near 
the posterior margin; in the hind wing the markings are rather obscure ; the 
spot at cu,. absent; longitudinal veins partly fuscoas and partly testaceous ; 
cross veins pale testaceous. 

Length of body: ¢ 14 mm. 
Expanse: 32 mm. 

Type: A single female specimen in my collection, captured by Mr. 
HatTakEyaAMA on Mt. Gozu, Echigo, June 9, 1910. 

This form is rather different from either decorata or limbata, and at first 
I considered it as a new species. After careful consideration, however, 
I have come to the conclusion that it is better to regard it as a varietal 


form of decorata, 
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As all the known specimens of this species as well as its subspecies are 
females, I have some doubts as to its specific standing ; it is possible that it 
may have to be sunk into some other species, such as decorata, though from the 


latter species it is distinguished by the more acute apex of the wing. 


31. Panorpodes notata Navas. 
Madara-shiriagemushi-modoki. 


Panorpodes notata Navas, Rey. Russ. Ent., 1909, No. 3, p. 3; Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 

IT have not yet obtained a specimen of this species. The following is 
the reproduction of the original description :— 

“ Ferruginea.” 

“Caput inter ocellos fuscum ; oculis nigris, ellipticis, constrictis ; antennis 
fusco-ferrugineis ; labro profunde exciso; palpis ferrugineis, articulorum aliquot 
apices fusco.” 

««Thorax unicolor, ferrugineus, subnitens. 

“ Abdomen ferrugineum, basim versus fuscescens, apicem versus pallidius. 

** Pedes ferruginei, tarsis apice obscurioribus.” 

“ Alae membrana fulvo tincta, venis ferrugineo-fuscis, venulis fulvis.” 

** Ala anterior vena subcostali ante apicem convexa, apice stigma attingente ; 
membrana maculis fusco-ferrugineis: fascia vaga ultra medium alae interrupta, 
alia stigmali externe convexa, retrorsum incompleta, alia anteapicali nebulosa ; 
praeterea duabus tribusve aliis in medio basilari.” 

“ Ala posterior vena subcostali cum costa longe ante stigma confluente ; 
membrana parum maculata, praeter maculam stigmalem et marginalem pos- 
teriorem reliquis obsoletis.” 


“Mas mihi ignotus.” 


“ Longit. corp. 12 mm.” 
«_____ alae anter. 14mm.” 
«—___ ____ poster. 12.5 mm,” 


“Un échantillon chétif a les dimensions 10,-8,4-7,5 mm. respectivement.” 


“ Patrie : Nippon moyen, environs de Tokio. J. Harmand. 1906.” 
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Genus Leptopanorpa M‘Qachlan (1875). 


The genus as well as its species are known to me by the descriptions 
only; the following are the reproductions of their original descriptions given 
by M‘Lacunan :— 

“ Differs from Panorpa by the extreme slenderness of all its parts; the 
Wings very narrow; the rostrum exceedingly long; the three terminal see- 
ments of the ¢ abdomen immensely long, and almost thread-like, the cheli- 
ferous segment being provided with a very long footstalk; the basal (unmo- 


dified) segments long (not transverse as in Panorpa).” 


Key to the species found in Japan. 


A. Pterostigmatal fascia present. .. .. .. .. ..9rttsemae. 


B. Pterostigmatal fascia absent. .. .. .. .. ..steboldi. 


32. Leptopanorpa ritseme M‘Lachlan. 
Hoso-shiriagemusht. 


Leptopanorpa ritsemae M‘Lach., Trans. Ent. Soc. Lond., 1875, p. 187; 
Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 2; 
Navas, Rev. Russ. Ent., 1909, No. 3, p. 5; Enderlein, Zool. Anz., 
Bd. xxxv., p. 393 (1910) ; Miyake, Entomologist, vol. xliv., No. 574, 
p- 92 (1911). 

“'Testaceous, the head blackish (excepting posteriorly), and with a black 
median line along the thorax (in the ? the head and thorax are nearly 
wholly blackish above). Legs yellowish; wings with a slight testaceous tinge, 
and with fuscous veins; there is a very narrow pale fuscous fascia beyond 
the middle, expanding on the costa, where it forms the inner side of the 
pterostigma (in the posterior wings this fascia is abbreviated or interrupted), 
and (in the ¢) two or three small basal spots; posterior edge of the 
5th abdominal segment in the ¢ blackish; terminal segments yellowish ; 
6th and 7th segments each nearly as long as all the basal segments 
united ; the apical portion gradually incrassate ; footstalk of the cheliferous 


segment scarcely shorter and of the same form; its apex considerably dilated, 
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so that the basal portion (before the claws) is somewhat pyriform; claws long, 
strongly curved and crossing; appendages very long and slender, extending 
beyond the base of claws. (In the ? the terminal segments of the abdo- 
men are very slender.)”’ 

“Total length of body of ¢ about 25mm.; expanse 25 mm.” 


“One pair (¢, ?) in the Leyden Museum ; captured by Von Siebold.” 


33. Leptopanorpa sieboldi M‘Lachlan. 
Tsumaguro-hoso-shiriagemushi. 


Leptopanorpa sieboldi M‘Uach., Trans. Ent. Soc. Lond., 1875, p. 188 ; 
Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii., No. 1, p. 2; 
Navas, Rev. Russ. Ent., 1909, No. 3, p. 5; Enderlein, Zool. Anz., 
Bd. xxxy., p. 893 (1910) ; Miyake, Entomologist, vol. xliv., No. 574, 
ps ono): 

“ Head deep black, pale posteriorly ; rostrum piceous, with pale sides. 
Thorax piceous in front, testaceous posteriorly, wholly yellow beneath. Abdo- 
men fuscescent. Lees yellow. Wings with a slight greyish tinge, and with 
fuscous veins; the only marking is a rather broad pale fuliginous apical space, 
straight internally (?).” 

“ Expanse 24 mm.” 
«Two females in the Leyden Museum ; captured by Von Siebold.” 

“An approach towards the abdominal formation in the ¢ of Lepto- 
panorpa is to be found in P. nematogaster, M‘Lach., from Java (perhaps also 
in P. Charpentier’, Burm.), but in it the cheliferous terminal segment is 
sessile. The genus very clearly shows that the abdomen in the Panorpidae 
has nine segments; for the Ist segment, ordinarily confused with the hinder 


portion of the metathorax, is here very long.” 


SuBramMiny II, Brrracinz. 


Ov,. partly fused with the media both in fore and hind wings; claws 


unpaired, 
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Genus Bittacus Latreille (1807). 
Diplostigma Navas (1908). 


Antennae short; rostrum sharply pointed. Wings dilate, usually without 
conspicuous markings ; subcosta usually connected with the costa by a single 
cross vein. Legs very slender; claws ventrally without teeth. Abdomen 
cylindrical ; first segment modified. Male without forceps at the extremity. 
Adult in repose hangs down vertically from a branch of tree and preys on 


living insects. 


Key to the species found in Japan. 


A. Body entirely piceous (excepting legs and pleural membranes)... .. 
wo Mec FS i a . .takaoensis n. sp. 
B. Body fulvous or testaceous, frequently with some fuscous patches, 
a. Apex of wings margined with fuscous.. .. .. ..marginatus n, sp. 
b. Apex of wings not margined with fuscous. 
a’. Hind femur of male with conspicuous black hairs; cross veins not 
margined with fuscous. .. .. .. .. ..  ..nipponicus, 
b*. Hind femur of male without conspicuous black hairs; cross veins 
margined with fuscous. 
a”, Wings with four fuscous spots at the origins of some veins. 
OM iy ot. af . .quaternipunctatus, 
b?. Wings without fuscous spots. 
a®, Appendage of male with the entire margin . ./aevipes. 


b*, Appendage of male with the margin notched. . sinensis. 


34. Bittacus nipponicus Navas. 
Hime-kagambo-modoki, 


(Pl. XXXII, fig. 7,—wing ; appendage—Pl. XXXL, figs. 3; 4.) 

Bittacus sinensis (part) M‘Lach., Bull. Soe. Ent. Suiss., 1887, p. 406 ; 
Matsumura, Senchu-zukai (Thousand Insects of Japan), vol. i., p, 
165, pl. xi., fig. 5 (1904); Miyake, Bull. Coll. Agr. Imp. Univ. 
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Tokyo, vol. viii., No. 1, p. 2 (1908); Entomologist, vol. xliv., No. 
574, p. 92 (1911). 

Bittacus nipponicus Navas, Rev. Russ. Ent., 1909, No. 3, p. 3; Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body fuscous ochreous ; ocellar triangle black; ocelli bright fulvous ;- eyes 
black ; antennae fuscous with ochreous basal segment; apical half of rostrum 
piceous, margined with ochreous ; palpi fuscous with testaceous, or frequently 
ochreous, apex ; legs fuscous ochreous, testaceous towards the terminal joints ; 
under side of the posterior femur in the male armed with black conspicuous 
hairs. 

Wings rather broad, fuscous ochreous ; longitudinal and cross veins fuscous ; 
rarely outer cross veins and outer margin bordered with fuscous ; pterostigma 
opaque, ochreous, connected with the first branch of radial sector by two cross 
veins. 

In the male the second to the fifth abdominal segment long, cylindrical, 
the sixth shorter, the seventh still shorter, posteriorly dilate; dorsal ap- 
pendage with a deep notch in each lobe. 

Length of body: ¢, ¢ 15-16 mm. 
Expanse: 38-40 mm, 
Loe.: Inokashira near Tokyo; Tokyo. 
Time of Appearance: July. 

This is the common species in the vicinity of Tokyo. It usually occurs 
in abundance in a certain fixed spot and is not generally distributed. ‘The 
locality where it occurs is also inhabited by a number of Tipulids which very 
closely resemble it. FreLtr mentions the same fact in his work on the 
American species. So that it can be supposed that the weak Tipula imitates 
the ferocions Bittacus. 

Though this species is allied to a certain extent to sinensis, the form of 
appendage and femur of male well distinguish it. Navas did not restrict 
the charateristic femur to one sex, but it is limited only to the male. It is 
very strange that he did not put this species into his genus Diplostigma, as 
it bears the exact characters of that genus; he himself has mentioned the 
Species side by side to sinensis in his list of the Panorpidae, the former as 


Bittacus and the latter as Diplostigma. 
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Cross veins are not usually bordered with fuscous except in some rare cases, 
and even then they are bordered far narrower than in sinensis. It is almost 
clear that M*‘Lacatan included this species into his sinensis, However, in 
many respects it cannot be considered as the same species, nor the varietal 


form of it; it must be considered as a different species. 


35. Bittacus laevipes Navas. 
Yeguri-kagambo-modoki. 


(Pl. XXXVIL., fig. 9, $; wing—Pl. XXXIIL, fig. 9.) 
Bittacus sinensis (part) M‘Lach., Bull. Soc. Ent. Suiss., 1887, p. 406. 
Bittacus laevipes Navas, Rey. Russ. Ent., No. 3, p. 4 (1909); Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 

Body brownish ochreous ; head with the rostrum ochreous, testaceous, or 
piceous; ocelli pinkish or testaceous, or frequently black; eyes blackish or 
testaceous ; antennae testaceous, with the ochreous basal joint, or entirely 
piceous ; palpi testaceous; thorax with brownish suffusion or with irregular 
patches ; legs slender, ochreous, the terminal joints testaceous. 

Wings fuscous ochreous, with the apex acutely elliptical; pterostigma 
opaque, greyish ochreous, posteriorly connected with the radial branch by two 
cross veins; apical region slightly dusted with fuscous ; longitudinal and cross 
veins fuscous ; the latter margined with fuscous, 

Abdominal segments from the second to the fifth cylindrical, rather long ; 
sixth shorter, seventh still shorter ; in the male the terminal segment is dilated 
towards extremity; dorsal bilobed appendage large; each lobe semi-elliptical, 
with the margin entire; abdomen in the female clavate, with the appendages 
ochreous ; in both sexes the terminal segment more or less tinged with testa- 
ceous, 

Length of body: ¢, ? 16-18 mm. 
Expanse : 43-47 mm. 
Loc. : Mt. Iwawaki, Kii; Kiso; Mt. Koya, Kii. 
Time of Appearance: July to August. 
This species, together with some other occurring in Japan was first referred 


to by M‘Lachlan as Bittacus sinensis, adding however—“ Ayant sous les yeux 
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une quantité assez considérable des Bittacus du. Japon, je ne suis pas certain 
que tous les individus appartiennent 4 une seule espéce, malgré leur ressem- 
blance générale. En regardant les appendices du male je trouve que chez les 
sinensis de la Chine septentrionale, les appendices supérieurs ont une excision 
au bout. La plupart des individus du Japon sont également formés; mais il 
y en a d'autres chez lesquels les appendices ont lair d’étre entiers; et chez 
un seul male les appendices me semblent autrement conformés, plus étroits, 
et avec l’excision beaucoup plus profonde, etc. Il faut attendre encore de 
nouvelle recherches avant de considérer tous les individus comme étant d’uue 
seule espéce.’”’* 

The present species undoubtedly corresponds to the second form stated 
above, which has the margin of the appendage entire, and to which Navas 
has given the present new name. Nevetheless as in the original description 
of Bittacus sinensis the form of the appendage was not mentioned, I am 
entirely uncertain which of the above stated forms should be considered as 
the typical sinensis, as long as the type specimen is not examined. Accord- 
ingly I am still more uncertain whether the present species is a new species 
or not. Accepting Navas’ proposal I recognise the present form as a different 
species from the true sinensis, which is said to have the excision on the dorsal 
appendage of the male. I have not yet seen the latter species in Japan. 

The present species possesses the characters of Navas’ genus Diplo- 


stigma, though he did not place it into that genus. 


36. Bittacus sinensis Walker. 
Kagambo-modoki, 


Bittacus sinensis Walk., List. Neur. Ins. B. M., pt. ii., p. 469 (1853) ; 
(part) M‘Lach., Bull. Soc. Ent. Suiss., 1887, p. 406; (part?) Ma- 
tsumura, Senchu-zukai, vol. 1, p. 165, pl. xi., fig. 5 (1904); (part) 
Miyake, Bull. Coll. Agr. Imp. Univ. Tokyo, vol. viii, No. 1, p. 2 
(1908). 

Diplostigma sinense Navas, Rev. Russ. Ent., 1909, No. 3, p. 5; Miyake, 
Entomologist, vol. xliv., No. 574, p. 92 (1911). 


* Bull, Soc. Ent. Sniss., 1887, p. 406. 
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Following M‘acunan’s conception of the species I was formerly referring 
all our Bittacus to the present species. As can be seen below, the orignal 
description being very simple, I could not make an exact study on the specific 
characters without consulting the type specimen. The following is the des- 
cription :— 

“ Ferrugineus ; antennae pubescentes; abdomen piceo vittatum; pedes 
fulvi, graciles ; alae flavae, stigmate fulvo, venis transversis fusco-nebulosis.” 

“ Ferruginous: antennae pubescent; abdomen with a pitchy stripe: legs 
tawny, slender: wings yellow; stigma tawny; transverse veins clonded with 
brown. Length of the body 7 lines; of the wings 20 lines.” 

“a, Shanghae, China. From Mr. Fortune’s collection.” 

As was mentioned under the description of Bittacus laevipes, M‘LAcHLAN 
himself noticed various differences in the appendages of the males in the 
forms that he included under Bittacus sinensis and had some doubts in referr- 
ing them all to that single species. Navas afterwards proposed a new name 
for the form that has the appendage with the entire margin. Jf we approve 
his statement, the true sinensis must be the form that has the appendage with 
the sinuated margin. And in many respects it can be presumed that it may 
differ on many points from Bittacus nipponicus, so that the present species 
should be the form very closely allied to Bittacus laevipes and only differing 
in the form of appendage. Such forms, however, I have not yet seen in 
Japan. Whether such forms should be true sinensis or not, or whether they 


are found in Japan or not, is, at present, quite undeterminable. 


37. Bittacus quaternipunctatus Enderlein. 
Hoshi-kagambo-modoki. 


(PI. XXXYVIL., fig. 10, ¢; wing—Pl. XXXII, fig. 6.) 
Bittacus quaternipunctatus Enderlein, Zool. Anz., Bd. xxxv., p. 397 (1910). 
Body ochreous or rarely testaceo-ochreous; ocellar triangle black or 
testaceous ; eyes brownish or testaceous; antennae entirely testaceous or the 
basal segment ochreous. 
Wings brightly ochreous ; pterostigma fuscous ochreous, opaque, connected 


by two cross veins with the radial branch; four small rounded piceous spots 
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present: one each on the cross vein between sc. and 7;., on the origins of 
vs. and 7;., and on the differentiating point of m. from the common stalk of it 
and cu,.; in the female the first mentioned spot obsolete ; veins testaceous or 
ochreo-testaceous ; cross veins in outer half of wing narrowly bordered with 
fuscous. 
Abdomen like that of laevipes; the lobe of the dorsal appendage of the 
male with a short narrow notch. ; 
Length of body: ¢ 17 mm.; ? 18-19 mm. 
Expanse: ¢ 42 mm.; ¢ 46mm. 
Loc. : Gifu; Kii. 
Time of Appearance: July, August. 
Distribution : Japan ; Corea, 
ENDERLEIN’S type is a female from Corea; the species is very closely 
allied to laevipes, but can be distinguished from the latter species by the 
presence of four spots, the form of appendage and brighter colouration of 


body and wing. 


38. Bittacus takaoensis* n. sp. 
Kuro-kagambo-modoki. 


(Pl. XXXIIT., fig. 8,—wing.) 

Body totally black,t except the pleural membranes of abdomen ; antennae 
and palpi fuscous yellow; apex of rostrum reddish ochreous; legs fuscous 
yellow. 

Wings rather narrow, pale fuscous yellow; apex acutely elliptical ; veins 
fuscous ; cross veins, origin of 7,. and termination bordered with fuscous ; ptero- 
stigma opaque, fuscous ochreous, connected with the radial branch by a single 
very short cross vein, 

Length of body: ? 12-14 mm. 
Expanse: 37 mm. 

Type: Two female specimens in my collection, captured by the author 
on ‘Takaoyama, on June 6, 1912. 


* ‘Takao is the name of the mountain near Hachidji, on which the specimens were captured, 
t Black in the living as well as in the dried specimen, 
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39. Bittacus marginatus. n. sp. 
Tsumaquro-kagambo-modoki, 


(Pl. XXXVIL, fig. 3., ¢; wing—Pl. XXXII, fig. 10; appendage—PI. 
XXXI., figs. 10 a, 10 b.) 

Body testaceo-ochreous; apex of head in one specimen and _ ocellar 
triangle in the other specimen shining black ; ocelli pinkish; eyes blackish or 
testaceous ; antennae ochreous ; rostrum in one species testaceous ; in one speci- 
men prothorax except the posterior margin and in both specimens mesothorax 
tinged with piceous ; legs fuscous yellow. 

Wings pale fuscous yellow, iridescent ; origin of 7,. in one specimen spotted 
with fuscous; the outermost cross veins bordered with fuscous ; pterostigma 
opaque and deeply fuscous ; apex of wing clouded with fuscous ; veins fuscous ; 
pterostigma joined with the radial branch by a single cross vein (in one 
specimen even this single cross vein is very obscure). 

Abdomen ochreous in one specimen and testaceous in the other; the 
dorsal appendage of male very conspicuous; it is dorsally erected along the 
uncus, embracing the latter with its lateral lobes. 

Length of body: ¢. 1l1mm.; 13 mm. 
Expanse: 33 mm. ; 35 mm. 

Type: Two male specimens in my collection, one captured by Mr. 
Issoixt on Mt. Koya, Kii, Aug. 18, 1912; one on Mt. Yatsu- 


gatake, Kai, Aug. 28, 1912, sent to me by Mr. Nakanara, 


Species insufficiently known to me. 


40. Panorpa hageni Navas. 
sp. nov., Hagen, “Stett. ent. Zeit., 1867, p. 90”; M‘Lach., 
Trans. Ent. Soe. Lond., 1875, p. 187. 
Panorpa hageni Navas, Rey. Russ. Ent., 1909, No. 3, p. 4. 
The species was indicated by Hacren only by the words—“ Mit ganz 


Panorpa 


schwarzen weiss gefleckten Flugeln.” Navas proposed the specific name 


hageni for it without giving its description. The species is therefore to me 
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quite unrecognizable though it is said to be very closely allied to Panorpa 
ocellaris of NAVAS. 
July, 1913. 


Postscript. 


While this work was in the press, the following two papers, bearing 
upon the present subject, appeared :— . 

PETERSEN, E.: H. Saurer’s Formosa Ausbeute, Planipennia II., Mega- 

loptera and Mecoptera.—Ent, Mitteil., Bd. ii., No. 9, pp. 263-265. 

Banks, N.: Synopsis and descriptions of exotic Neuroptera.—Trans. Amer. 

Ent. Soc., vol. xxxix., pp. 201-242. 

In the former, PETERSEN describes a new species, Panorpa deceptor,* from 
Formosa, a species closely allied to P. formosana. In the latter, Banxs sets 
forth the classification of Ponorpidae. He includes the genera Ardops, Lepto- 
panorpa, Himanturella (not referred to in this paper) and Campodotecnum of 
ENDERLEIN under the genus Panorpa, saying: ‘ Awops Enderl., for those with 
the subcosta ending long before the stigma separates species which are evident- 
ly otherwise very closely allied, moreover the subcosta often bends near mid- 
dle to the costa, and sometimes connected thereto. ‘The number of cross-veins 
between anal and auxillary veins has been used, but often varies in the two 
wings of one specimen; the length of the abdomen is not of generic value, 
so that Leptopanorpa, Himanturella and Campodotecnum are synonyms of 

* The description of the species is as follows :— 

Panorpa deceptor Petersen, Ent. Mitteil., Bd. ii., No. 9, p. 263 (1913). 

“ g. Head and rostrum pale brown; above the insertion of the antennae is found a brownish 
black spot, in which the ocelli are placed. Antennae blackish; the two basal joints pale brown. 
The dorsum of the prothorax brownish black with some small pales pots. Meso-and metathorax yel- 
lowish brown with a broad blackish brown streak along the side margins. The 15* to 5th segments 
of the abdomen in the greater part of specimens mostly blackish brown ; the rest of abdominal 
segments, the legs and the underside of thorax pale brown to yellowish brown with exception of 
the tarsal joints, which are a little darker. The hind border of the third tergit produced into a 
broad semicircular prolongation, The genital valves short and wide apart. Two curious, very long, 
threadlike prolongations are placed in the space between the two branches of the forceps, The 274 
abdominal segment very short, much broader than long. Wings hyaline with a very faint, yel- 
lowish tinge and with sooty-brown bands and markings.” 

“© has the five basal abdominal segments, generally, more dark coloured than in the male.” 

“Length of body 14-15mm; fore wing 14-15mm; hind wing 13-14mm.” 


“10 gg and 19 9&, Taihorin, 7, XI. 1911; 1 g and 6 9Y, Taihorinsho, 7. IX. and 7. 
XI.; 1 g, Kosempo, 7. VII. 1911; 2 ¢g, 1 9. Sokutsu, V. 1912; 3 2&, Anping.” 
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Panorpa.” Except relating to Leptopanorpa, this statement agrees well with 
the facts I have explained in this paper, so I am pleased that my proposal 
has been partly confirmed by him. About Leptopanorpa, however, I cannot 
agree with him, though I have not yet seen any specimen of the genus. If 
my understanding of M‘Lacuuan’s original description of the genus is correct, 
it can never be synonymous with Panorpa. Amongst other things, M‘Lacu- 
LAN says of the abdomen of Leptopanorpa, “the basal (unmodified) segments 
long (not transverse as in Panorpa).’ So long as Panorpa has the first 
abdominal segment conspicuously modified, the above stated characters would 
be sufficient to separate the two genera—moreover possibly to erect Lepto- 
panorpa to a special subfamily or even to a special family. 

Besides, he has amalgamated Diplostigma into synonyms of Bittacus. 
This agrees well with my opinion, as stated in this papar. 

Nov. 5, 1913. 


On account of an accidental damage to a part of the lithographic block, 
the lithographer re-drew the figures on the stone omitting, however, my 
rectifications. Owing to this the venations of the wings in figs, 10 a and 11 
may not be quite accurate. 

Nov. 29, 1913. 
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1913. Lacnors, J.: Etudes entomologiques: Panorpa communis L. et germanica L, (Ins. Névr.) 


af. 

a. g. 

an, 

AN, ANg., Ag. 


bas. p. 


bur. 
C. 


ce. (in the wing). 


EXPLANATION OF PLATES. 


List of abbreviations, 


Anus, 

Basal joints of the female 
appendage, 

Branched portion of the 
female appendage. 

Female appendage. 
Additional segment; pedes 
genitales, 

Antennal foramen, 
Accessory gland. 

Anal. 

Division of anal. 

Basal piece (of the labial 
palpi). 

Bursa copulatrix. 
Postelypeus ; clypeus, 
Costa, 

Anteclypeus. 

Cardo. 

Cylindrical body. 

Cercus, 

Chitinous filament. 
Chitinous frame-work, 
Colleterial glands, 
Chitinous plate. 

Chitinous pieces, 

Chitinous pyramid, 
Chitinous rod. 

Cubitus. 

Branches of cubitus, 
Vesicular bodies, 

Coxa, 


Duct of seminal vesicle, or 


d. ap. 
d. p. 


Ll. p. 

m. 

m. (in the wing). 
M.5 Mz. Ms. Mz. 
m. ap. 

me. 


men. 


de Ja faune frangaise: variation dans les taches des ailes.—Insecta, Mars 1913, 
Num. 27, pp. 88-103. 


of bursa copulatrix, 
Dorsal appendage. 
Dorsal plate. 

Eye. 

Epimeron. 
Epithelium, 
Epicranium. 
Episternum, 
Femur. 

Gena. 

Galea, 

Division of galea. 
Genital portion, 
Genal region, 
Harpe. 

Internal skeleton. 
Intestine, 

Small joint, 
Labrum. 

Lacinia, 

Division of lacinia. 
Last abdominal ganglion, 
Lateral appendage, 
Labium, 

Ligula. 
Longitudinal muscle, 
Labial palpi. 
Mandible. 

Media. 

Branches of media, 
Middle appendage. 
Meron. 


Mentum. 


meta. 


ete. I.). 
Mate ls.V.). 
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T1 To T39 T4 75- Branches of radius. 


rec. 
Tr. ™m, 


s. 


Fig. 


Fig. 


~ WO pp 


Mesothorax. 

Metathorax, 8: gs 
Mid-intestine, se, 
Bundle of supporting mus- S.C 
cles. SC,. 
Malpighian tubes. $65. 
Maxilla. sce 
Maxillary palp. SCaa 
Nerve. se. 
Ocelli. Sp. 
Occiput. S. Dp. 
Occipital foramen. 

Oesophagus. Spu. 
Ovary. st. 
Oviduct. sub. 
Common oviduct. t. 
Patagia. tb. 
Opening of male genital i 
duct. tr. p. 
Palpifer. ts. 
Postgena. 

Pedes genitales, un. 
Palpiger. G (bbe) 
Posterior chitinous plate. vy: (EL TY. V.). 
Prothorax. v. ap. 
Pterostigma. v. d. 
Pulvillus, Vv. @. 
Proventriculus, v. 
Radius, Dat: 
Rectum. v. 8. 
Ring muscle. 1 eS x, 


Suture found on the genal 
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region, 

Salivary glands, 
Subcosta. 

Small chitinous plate. 
Praescutum, 
Scutum. 
Scutellum. 
Postscutellum. 
Seta, 

Spiracle. 
Subgenital plate; 
portion. 


sternal 


Spur. 

Stipes 
Submentum. 
Testis. 
Tibia. 
Trochanter. 


Triangular plate. 
Tarsus. 


ts 1.5 tSg., tsg., ts,., ts. Tarsal joints. 


Head of Panorpa klugi, anterior view. x8. 


Do., posterior view. 


Head of Panorpodes paradoxa, anterior view. 


Do., posterior view. 


x8. 


x8. 


PLATE XXVIIL 


x8. 


Uncus. 

Vertex. 

Vesicle. 

Ventral appendage. 

Vas deferens. 

Vasa efferentia. 

Ventral plate. 

The region where the vesicle 
is found. 

Vesicla seminalis. 


Number of segments. 


or 


. 19a. 
» LOD: 
. 20a. 
20b. 
. 21a, 
, 1b. 


r 


oe Gae S) 


PON 


10. 


ae BE. 


12a, 


, 12b. 
g. 13a, 

13b. 
14a. 
g. 14b. 
mei lap 
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Head of Bittacus nipponicus, anterior view. x8. 
Do., posterior view. x8. 
Left mandible of Panorpodes paradoxa, x35. 
Do. of Panorpa klugi. x35. 
Do, of Bittacus nipponicus. x35. 
Labrum of Panorpa klugi. x35. 
Do. of Panorpodes paradoxa. x35. 
Do. of Bittacus nipponicus. x35. 
Labium of Panorpa klugi. x35. 
Do. of Panorpodes decorata. x35, 
Do. of Bittacus nipponicus, x35. 
Left maxilla of Panorpa klugi. x35. 
Do. of Punorpodes decorata. x35. 
Do. of Bittacus nipponicus. x35. 
Basal segments of antenna of Panorpa klugi. x23. 
Terminal segments of do, x 23. 
Basal segments of antenna of Panorpodes decorata. x23. 
Terminal segments of do. x 23. 
Basal segments of antenna of Bittacus nipponicus. x23. 


Terminal segments of do. x300. 


PLATE XXIX. 


Thorax of Panorpa klugi, dorsal view. x’. 

Do. of Panorpodes decorata, dorsal view. x7. 

Do, of Bittacus nipponicus, dorsal view. x7. 

Do. of Panorpt klugi, lateral view. x4. 

Do. of Panorpodes decorata, lateral view. x4. 

Do. of Bittacus nipponicus, lateral view. x 4. 

Hypopharynxs of Panorpa Ielugi. 130. 

Do. of Panorpodes decorata. x13. 

Do. of Biltacus nipponicus. x 130. 

Tibial spurs of left fore leg of Bittacus nipponicus. x23. 

Tarsus of left fore leg of Panorpa klugi. x23. 

Tarsal joints of left fore leg of Bittacus nipponicus, extended, x 23. 
Do., apposed. x23. 

Teeth on the last tarsal joints of Bittacus nipponicus. x 600, 
Teeth on the fourth tarsal joint of do. 600. 


Sixth and seventh abdominal segments of Panorpa cornigera, lateral view. 


Do., dorsal view. x8. 


Abdominal segments of male of Panorpa talkenouchii, lateral view. x4. 
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Fig. 16. Abdomen of male of Panorapa Iclugi, lateral view. x4. 

Fig. 17a. Abdomen of female of Panorpa klugi, lateral view. x 4. 
Fig. 17b, Seventh and eighth abdominal segments of do. x3. 

Fig. 18. Abdomen of male of Panorpodes decorata, lateral view. x4. 
Fig. 19. Abdomen of female of Panorpodes decorata, lateral view. x 4. 
Fig. 20. Abdomen of male of Bittacus nipponicus, lateral view. x 4. 


Fig. 21. Abdomen of female of Bitlacus nipponicus, lateral view. x4. 


PLATE XXX. 


Fig. 1. Cheliferous segment of Panorpa klugi, ventral view. 23. 
Fig. 2. Do. of P. cornigera, ventral view. x 23. 

Fig. 3. Do. of P. talcenouchii, ventral view. x23. 

Fig. 4. Do. of P. pryeri, ventral view. x 23. 


Fig. 5a. Dorsal appendage of male of P. klugi, dorsal view; the cerci of anal tube can be 
seen projecting laterally. x 23, 

Fig. 5b. Anal tube of do., ventral view. x 23. 

Fig. 6. Terminal segments of female abdomen of P. kwji, with appendages, lateral view. 
x 23. 

Fig. 7. Appendages of female of J. Icluyi, dorsal view. x 23. 

Fig. 8. Sternal plate of female of P. klugi, ventral view. x23. 

Fig. 9. Internal skeleton of the ninth segment in the female of P. klugi. x42. 

Fig. 10. Dorsal and ventral appendages of male of P. klugi, lateral view. x 23. 

Fig. lla, Conical projection of the fourth abdominal segment of male of P. klwyi, dorsal 
view. x42. 

Fig. 11b. Dorsal lobe of the third abdominal segment of do,, ventral view. x 42. 

Fig. 11le. Do., dorsal view. x 42. 

Fig. 12. Ventral appendage of male of P. pryeri, ventral view. x 23. 

Fig. 18a. Do. of P. cornigera. x 23. 

Fig. 13b. Dorsal appendage of do., dorsal view. x 23. 

Fig. 14-20. Ventral appendages of males of various species, Fig. 14. japonica. x23. Figs, 15 
~20, xabout 8. Fig. 15. lewisi; fig. 16. rectifusciata; fig. 17. pulchra; fig. 18. klugi; fig. 19. 
ochracea; fig. 20, klugi, varietal form, 


Fig. 21. Dorsal appendage of male of P. wormadldi. x 23. 


PLATE XXXI. 


Fig. 1. Cheliferous segment of Panorpodes decorata, dorsal view. x23, 

Fig. 2, ‘Terminal segments of female abdomen of Billacus nipponicus, ventral view. x 23. 
Fig. 3a. Abdominal end of male of do., posterior view. x23. 

Fig. 3b, The basal part of the dorsal appendage of do., showing the anus, posterior view. 


x 35, 
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Fig. 3c, The basal part of the posterior chitinous plate of male, anterior view. x35, 

Fig. 4. Terminal segments of male abdomen of do., showing the main parts of genitalia, 
laternl view. x 23. 

Fig. 5a. Dorsal appendage of male of Pancrpodes decorata, with the anal tube, dorsal view. 
x 23. 

Fig. 5b. Anal tube of do., ventral view. x 23. 

Fig. 6. Left appendage of female of Bittacus nipponicus. x 160. 

Fig. 7. One of the hairs on do., with cup-like envelope, x 600. 

Fig. 8a. Ventral appendage of Panorpodes decorata, ventral view, x 23. 

Fig. 8b. Dorsal appendage of do., dorsal view. x 23. 

Fig. 9a. Terminal segments of female abdomen of Panorpodes decorata, dorsal view. 
x 23. 

Fig. 9b. Internal skeleton of do. x160. 

Fig. 102. Last abdominal segments of male of Bittacus marginatus n. sp., posterior view. 
xabout 8. 

Fig. 10b. Do., lateral view. xabout 8. 

Figs. 11-18. Male ventral appendages of various species. xabout 8. Fig. 11. communis; fig. 
12. arakavae; fig. 13. leucoptera; fig. 14. wormaldi; fig. 15. gokaensis; fig. 16, bicornuta ; 


fig. 17. obscura; fig. 18. ochraceopennis. 
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Fig. 1. Female reproductive system of Panorpa klugi. 
Fig. 2. Male reproductive system of do, 

Fig. 3. Digestive system of do. 

Fig. 4. Histology of proventriculus of Panorpa klugi (transverse section), x 400. 

Fig. 5, Diagrammatic transverse section of do, x35. 

Fig. 6. Diagrammatic longitudinal section of do. x35. 

Fig. 7. Testis and accessory gland of Panorpodes decorata. x23. 

Fig. 8. Egg of Bittacus nipponicus. x 23. 

Fig. 9. Anterior portion of the alimentary canal, where bundles of supporting muscles are 


found, x80. 


PLATE XXXII. 


Fig. 1, Right fore and hind wings of Biltacus nipponicus. x5. 
Fig. 2, Do. of Panorpa klugi. x5. 

Fig. 3. Do. of Panarpodes decorata. x5. 
Fig. 4. Do, of Panorpa cornigera. x5. 


Fig. 5, Basal portion of right hind wing of Pancrpa klugi. x 23. 
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6.* Right fore and hind wings of Bittacus quaternipunctatus. x2. 
7.* Do. of B. nipponicus. x2. 

8.* Do. of B. talcaoensis n. sp. x2. 

. 9.* Do. of B. laevipes. x2. 

Fig. 10.* Do. of B. marginatus. x2. 


eEEE 


PLATE XXXIV. 


Figs. 1-8 illustrate gradual modifications of the subcosta: (R) indicate the night wing; (L) 
the left wing ; dotted lines indicate obsolete veins. x 25. 

Figs. 9a, 9b. Terminations of the subcosta on the costa (Panorpa lewisi). x25. 

Fig. 10a.t Panorpa galloisi, f. x2. 

Fig. 10b. Apex of abdomen of do. xabout 15. 

Fig. 10c, Ventral appendage of do. xabout 8. 

Fig. 11. Panorpodes decorata confusa n. subsp. 2. x2. 

Fig. 12a. Apex of abdomen of Panorpa trizonata g. xabout 5. 

Fig. 12b. Ventral appendage of do. xabout 8. 


PLATE XXXY. 


All figures are slightly enlarged. 


Fig. 1. Panorpa japonica Thunb., ¢. 

Wig? 2 Do. a 

igs vos D0:, dis 

Fig. 4. P. pulchra Miyake, 2. 

Fig. 5. P. japonica Thunb., ¢. 

Fig. 6. Do, 2. 

Fig. 7. LP. rectifasciata Miyake, ¢. 
&. Do, 2. 
9. P. pulchra Miyake, ¢. 


=" 
= 


P. klugi M‘Lach., ¢. 
P. klugi maculata nu, subsp., 2.. 
P. klugi quadrimaculata n, subsp,, 2. 
P. klugi nipponensis Navas, 2. 
Do., varietal form, ¢. 
P. ochraceopennis Miyake, ¢. 
16. P. lewisi M‘Lach, ¢. 
Fig. 17. LP. trizonata Miyake, 
Fig. 18. Do, ¢. 
* Figs. 6-10 are drawn only to show the general appearance of wings of our Billacus. The 


minute points of venation, especially those of the basal region, are omitted. 
t The venations of the wings in figs, 10a and 11 may not be quite accurate (seo p. 391). 
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Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Big) iv; 
Fig. 8. 
Fig. 9. 
Fig, 10. 
Fig. 11. 
Fig. 12 
Fig. 13 
Eig. 14 
Fig. 15 
Fig. 16 
Fig. 17 
Fig. 18. 
Fig. 19 
Fig. 20 
Fig. 21. 
Fig, 22. 
Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5 
Fig. 6 
Fig. 7 
Fig. 8 
Fig. 9. 
Fig. 10. 
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PLATE XXXVI. 
All figures are slightly enlarged. 


Panorpa bicornuta M‘Lach., g. 
Do., &.. 
P. gokaensis Miyake, 2. 
P. nikkoensis Miyake, &.. 
P. cornigera M‘Lach., 3. 
Do., varietal form, 2. 
. takenouchit Miyake, 2.. 
. arakavae BD. sp., g. 
. hakusanensis D. sp., &.. 
. taleenouchii Miyake, ¢. 
. ochracea Miyake. ¢. 
. pryeri major Miyake, 9- 
- pryert M‘Lach,, g. 
Dosw 
Dorward 
P. leucoptera Uhl, .. 
Dorma 

. wormaldi M‘Lach., g. 


gel ach teh ac ae Tel Ma 


P. 
P. striata Miyake, ¢. 

P. multifasciaria Miyake, &.. 
P. communis L., &. 

Je; 


. obscura Miyake, ¢. 


PLATE XXXVII. 
Figs. 1-10 are slightly enlarged and figs. 11-34 are slightly reduced. 


Panorpodes paradoxa M‘Lach., g. 
P. paradoxa stigmatica n. subsp., &.. 
P. naevia Navas, .. 

P. decorata singularis Miyake, .. 
P. decorata limbata Navas, &.. 

P. decorata confusa n. subsp., &.. 
P. decorata M‘Lach., 2. 

Bittacus marginatus D. sp., 3. 

B. laevipes Navas, &.. 

B. quaternipunctatus End., &.. 


Figs. 11-34 represent variations of wing-markings of Panorpa klugi: figs. 11-28 subsp. nippo- 


nensis ; figs, 29-32 subsp. maculata n, subsp; figs. 33-34 subsp. quadrimaculata n, subsp. 
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Uber eine neue Art von Enoploteuthis, 
Enoploteuthis chunii’ spec. nov, aus 
Uwodu, Japanisches Meer. 


VON 


C. Ishikawa. 


Mit Vafeln. XXXVIIL und XXX1X. 


Mantelgestalt langlich, vorderer Rand etwas verbreitert, mit dor- 
salen konvexen Profilkurven, allmahlich sich verjingend bis zur hin- 
teren Spitze, welche um etwa ein Sechstel der ganzen Mantellinge 
aus dem hinteren Flossenende uberragt. Dieser Teil des Mantelendes 
ist gallertig und ziemlich steil nach wnten gebogen. In der dorsalen 
Mittellinie zeigt der vordere Mantelrand einen stumpfen vorziehenden 
Winkel, der bei verschiedenen Individuen etwas verschieden ausgebildet 
ya sein scheint, wie aus dem Aussehen der konservierten Exemplare 
za schliessen ist. An beiden Seiten der Winkel bildet der Mantel- 
rand einen kleinen Bogen bis zu den Ecken der Auskehrung des vorderen 
Mantelrandes auf der Bauchfliiche. An der Medianlinie dieser Auskehrung 
findet man einen kleinen Winkel, welcher jedoch nicht bei allen Tieren zu 
sehen ist. 

Die Flosse ist gross, subterminal; das hintere Mantelende ragt, wie 
gesagt, iiber das hintere Flossenende hintber. Die vorderen Minder der 
Flosse konvex, die Posterolateralrinder zuerst konvex, nach hinten jedoch 
etwas konkav. Die Seitenecken der Flosse bilden einen stumpfen abge- 
rundeten Winkel. Als Ganzes betrachtet hat die I*losse eine mit einem 


Gingko-Blatt vergleichbare Gestalt. 


1? Dediziert dem bekannten Tiefseeforscher und Teuthologen Herrn Geheimen Kat Professor 


Dr. Carl Chun, 
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Der Kopf ist schmiiler als die Manteléffnung, mehr oder weniger 
kantig, oben platt, unten etwas konkay; der Augenteil nicht aufgetrieben. 
Die Augendffnung sehr gross, vorn mit tiefem Sinus, der nahe an dem 
ventralen Teile des vorderen Randes des Auges liegt. 

Die vordere Ringkante des Halses ist ziemlich gut ausgebildet. Sie 
bildet aber keine hochstehende Falte. Zwischen der ersten und der zwei- 
ten Liingsfalte ist sie nicht sehr deutlich zu sehen; zwischen der zweiten 
und der dritten, sowie der dritten und der vierten, bildet sie eine nach 
hinten konkave Linie, um in der dorsalen Mittellinie in einem scharf aus- 
gepragten stumpfen Winkel zu endigen. Die erste Langsfalte klein, von. 
dreieckiger Gestalt. Sie verlduft nach hinten dorsal gerichtet, nnd ver- 
streift allmahlich. Die zweite Falte ist hoher und auch grosser, vorn hoher 
entwickelt als hinten ; sie bildet einen Bogen nach hinten und dorsal, um 
mit der hinteren Ringkante des Halses zusammenzulaufen. Die dritte Falte 
ist die hochste; sie erscheint als ein langlich halbmond-formiger Lappen, 
verlauft ziemlich gerade nach hinten, und bildet mit der hinteren Ring- 
kante des Halses einen rechten Winkel. Die hintere Ringkante des Halses 
ist nur zwischen der zweiten und dritten Lingsfalte und zwischen der dritten 
und der Mittellinie des Halses gut ausgeprigt; ventral von der zweiten 
Lingsfalte ist sie nicht deutlich zu bemerken, wenigstens nicht bei den 
konservierten Exemplaren, die wir vor uns haben. 

Der Trichter ist von normaler Gestalt und ragt ein wenig hinter den 
hinteren Augenrand. Die Trichtergrube ist tief und deutlich, von drei- 
eckigem Umriss. Die Trichterklappe und die Trichterorgane sind wohl 
entwickelt. Jede der ventralen Trichterorgane ist von linglich-ovaler Gestalt. 
Der unpaare dorsale Abschnitt nimmt eine breite V-formige Gestalt an, 
das hintere Ende tber die Trichterdepressoren deckend. Der Trichter- 
knorpel ist langlich, der ventrale Rand etwas breiter als der dorsale, die 
Lingserube ein wenig breiter in der posterioren Partie. Der Mantelknorpel 
ist schmal und gerade, oder ein wenig gebogen wie die Trichterknorpel- 
grube. Der Musculus collaris ist breit und zieht sich zum Nackenknorpel, 
welcher eine lingliche Platte mit abgerundeten Enden darstellt, deren an- 
teriores Ende breiter ist als das posteriore. Die beiden seitlichen Riander des 


Nackenknorpels sind dicker als die mittlere Partie, welche eine leichte 
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Vorwolbung zeigt. Der entsprechende dorsale Mantelknorpel besitzt par- 
allel laufende Rinder und eine mediane Leiste. 

Der Buccaltrichter ist gut entwickelt, mit acht Zipfeln, von denen die 
beiden dorsalen etwas mehr genihert sind als die anderen, und die beiden 
ventralen vielleicht etwas linger ; wenigstens sind die Einkerbungen zwischen 
den beiden ventralen und den benachbarten Zipfeln tiefer als zwischen den 
anderen. Die Heftungen zeigen die tbrigen Verhiiltnisse wie bei den Eno- 
ploteuthiden, d.h. die ersten und zweiten Armpaare haften dorsal, die drit- 
ten ventral und die vierten wiederum dorsal. 

Die Arme haben eine miissige Linge und betragen ungefiihr ein 
Sechstel der Mantelliinge ; das gegenseitige Verhaltnis wird durch die Formel 
4,3,2,1 oder 4,2,3,1 ausgedriickt. 


I, Masse von Enoploteuthis chunii nach vorliegenden Exemplaren in mm :— 


Mantel-|Mantel-|Flossen-| Flossen-/ Rechte Arme. Rechter Linke Arme. ; Linker 
lainge.| breite. | linge. | breite. Te DEL Lv: Tentakel.| J. II. Il. IV. Tentakel. 
I, 72 20 41 54 46 | 50 | 48 | 53 95 43 | 48 | 51 | 51 100 
Il. 68 20 40 51 43 | 52 | 53 | 51 100 43 | 48 | 45 | 49 95 
Ul. 75 23 41 53 39 | 41 | 4C | 42 92 36 | 40 | 40 | 44 | 100 
Tae) lak (0) 22 41 53 36 | 43 | 46 | 46 96 36 | 40 | 39 | 45 r; 
Ne 90 49 49 66 50 | 50 | 51 | 57 | 125 48 |52 | 54 | 58 | 125 


Il. Masse von Enoploteuthis chunii in % der dorsalen Mantelliinge :— 


Mantel-/Mantel-) Flossen-| Flossen- Rechte Arme. Rechter | Linke Arme. Linker 
linge. | breite.| linge. | breite. ee evi Tentakel. Tey Tentakel. 
ant : : 
I. 100 27.77 56.90 63. a 69.44\66.66)7 13.19 (59: im 66. 06 70. 93) 70.83, 138.88 


| 
IL | 100 29.41 58.71 63.23/76. si 94:7 


147.00 63. 25 70. 5566, 23/72.05| 139.70 


Re 
ie | 
2.00)54.66)53. os 00] 122.66 | 
dices | 
Les ps 33] 138.88 nag 3357. 7760, 00/64. il 138.88 


Iif.} 100 30.66 54.66 48. 09 53. if 53.33/58.66) 133.33 


IV.} 100 31.42 58.57 1\65.71| 137.14 51. 2 57.14 es 71\64.28 ? 


Wit ie 200 54.44 54.44 


Das erste Paar triigt auf dreiviertel seines distalen Teils einen sehr 
schmalen Schwimmsaum; der Saum des zweiten Paares ist etwas stirker 


ausgebildet und fingt auch auf dem ersten Viertel des Armes an ; der Saum 
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des dritten Paares ist, wie gewOhnlich, am stirksten entwickelt; er zeigt 
sich als ein michtiger Schwimmlappen, dessen Hohe der Armdicke gleich- 
kommt. Der Schwimmsaum des vierten Paares ist beinahe so gut ent- 
wickelt wie der des dritten; die des dritten und vierten Paares fangen von 
der Basis des betreffenden Armes an. | 

Die Schutzsiume sind tberall gut entwickelt und, wie gewohnlich, 
auf der ventralen Kante des Armes starker als auf der dorsalen. Die Dor- 
salsiiume des ersten, zweiten und dritten Paares sind etwa halb so breit wie der 
Haken an der betreffenden Stelle des Armes, der des vierten Paares etwas 
schmiiler ; auch der ventrale Saum des ersten, zweiten und dritten Paares ist 
hoher als der des vierten Paares, welcher ungefihr halb so breit wie der 
Haken, wihrend der des ersten, zweiten und dritten Paares so breit wie 
der Haken ist. Die Querstiitzen der Schutzsiume sind auf dem ersten, 
zweiten und dritten Paare gut entwickelt und ragen, wie sonst, uber der 
allgemeinen Kontur des Saumes hintber. Auf dem vierten Paare fehlen 
die Querstutzen. 

Die Arme tragen zwei alternierende Reihen von proximalen grossen 
Haken und distalen Népfen. Die Haken des ersten Paares beginnen etwas 
mehr proximal als die der anderen Arme. Der erste Haken sitzt auf dem 
ersten, zweiten und vierten Arme in der ventralen Reihe; auf dem dritten 
in der dorsalen. Auf dem ersten Arme nimmt der distale Napfteil ein 
Viertel der Linge des Armes ein, der Hakenteil drei Viertel desselben ; 
auf dem zweiten, dritten und vierten Arme nimmt der Napfteil ein 
Fiinftel der Armlinge und der Hakenteil drei Viertel derselben ein. Es 
scheinen aber einige kleine Verschiedenheiten in Bezug auf die Stelle des 
ersten Hakens vorzukommen ; so habe ich bei einem Exemplar beobachtet, 
dass der erste Haken auf dem ersten Armpaare am linken Arme etwas mehr 
proximal anliegt als am rechten, wogegen auf dem dritten und vierten Arm- 
paare der erste Haken umgekehrt liegt. Was die Grosse des Hakens anbetrifft, 
so sind die ersten oder zweiten Paare immer etwas kleiner als die folgenden. 
Die grossten Haken sind auf dem ersten und zweiten Arme der funfte oder der 
sechste ; auf dem dritten Arme der vierte oder der funfte, und auf dem vierten 
der dritte, vierte oder der finfte. Die distalen Haken nehmen ganz allmihlich 


an Grosse ab. Die Grosse der Napfe nimmt allmaéhlich von dem ersten 
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bis zum letzten ab. Die Nipfe sind oval; der Chitinring ist am dussersten 
Rande von einer zweireihigen Stibchenzone umgeben. Innerhalb dieser 
Zone besteht der Ring aus zwei Teilen, einem iiusseren und einem inneren, 
welche beide an beiden Enden breiter sind als an den Seiten. Der dussere 
Teil des Ringes besteht ganz aus polygonalen Plittchen, die in der Mitte 
in Zihne ausgezogen sind. Diese Plaittchen sind auf dem proximalen Teile 
erosser als auf dem distalen, und in zwei alternierenden Reihen angeordnet, 
auf dem distalen aber in vier oder finmf Reihen. Der innere Teil des 
Chitinringes liegt tiefer in den Napfen als der dussere, und besteht auch 
aus polygonalen Plittchen wie der dussere. Diese finden sich aber nur 
auf dem distalen Teile, wiihrend der proximale sich als eine zusammen- 
hingende™ Platte darstellt, die schrig nach der Miundung des Napfes steht. 
Die Plattchen auf diesem Teile sind bedeutend grésser als die des dusseren 
Teiles des Ringes und tragen zwei Reihen von ungefiihr elf sehr grossen 
Zailnen, die wtbereinander stehen; der mittelste gewohnlich etwas linger 
als die nebenstehenden, welche allmahlich nach den Seiten zu sich ver- 
kleinern. 

Die Tentakellinge wtbertrifft die des Mantels; das Verhiilinis schwankt 
betrachtlich, wie man auf der angegebenen Tabelle sieht. Der Tentakel- 
stiel ist plattgedruckt mit abgerundeten Kanten, seine Seitenflachen sind fast 
doppelt so breit wie seine Oralfliche. Ein niedriger Schwimmsaum ist an 
dem distalen Ende des Tentakels zu sehen. Er nimmt ungefahr ein Zwan- 
zigstel der Tentakellinge ein und liegt etwas vor dem Karpalpolster gegen- 
iiber. Ein zweiter liinglicher Saum findet sich an der Spitze des Tenta- 
kels; dieser beginnt ziemlich plétzlich etwas distal zu dem _ ersteren, 
ungefihr am distalen Drittel des Handteiles des Tentakels, und erhebt 
sich zu einem michtig entwickelten Schwimmlappen. Von Anfang an ist 
er so hoch wie die Seitenfliche des Armes, wird aber gleich breiter und 
endet plotzlich mit abgcrundeten Kanten an der extremen Spitze des Ten- 
takels. Dieser Saum liegt nicht in ein und derselben Linie mit dem 
ersteren, sondern etwas dorsal zu demselben. 

Ventral zu dem distalen Teile der Keule, zwischen dem Ende des 


Karpalpolsters und dem ersten oder zweiten grossen Haken, findet man 
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einen langlich halbmondformigen dritten Saum,’ der eigentlich den An- 
fanesteil des ventralen Schutzsaumes darstellt. Er liegt etwas schrag 
dorsoventral auf der Seitenfléche an und zieht sich als eine sehr niedrige 
saumartige Erhebung an der Ventralseite der grdsseren Hakenreihe resp. 
der ventralen Reihe der Nipfe entlang. An diesem niedrigen Teil des 
Schutzsaumes bemerkt man eine Anzahl (meistens drei grossere und zwei 
oder drei kleinere) Querstutzen, die allgemeine Kontur des Saumes uwber- 
ragend. Auch an der dorsalen Basis der Haken, resp. Napfe, ist ein 
niedriger Schutzsaum vorhanden, an dem man jedoch keine Querstzutzen 
bemerkt. 

Der Karpalteil der Keule besteht aus einer Gruppe von vier bis sechs 
Napfen und Haftknopfen. Diese Nipfe sind von plattgedruckter halb- 
kugeliger Gestalt, mit einem Chitinringe, der von zwei kragen-adhnlichen 
Saéumen umgeben ist, deren innerer aus einer Reihe von Staibchen besteht. 
Der grossere Teil des Ringes, der innerhalb dieser Siiume sich _befindet, 
besteht aus zwei Teilen, einem iiusseren oder oberen, der in polygonale 
Plattchen eingeteilt ist, und einem inneren oder unteren, der aus einer un- 
geteilten Platte besteht. Die Polygonalplattchen sind in vier bis sechs 
Reihen angeordnet und entbehren der Zaihne. Die Zahl der Nipfe in 


den vier Exemplaren, die wir untersucht haben, ist wie folgt:— 


Links: 


No. I, 5 Napfe und 4 Haftknopfe (fangt mit einem medio-dorsalen 
Napf an). 

No. il, 4 Napfe und 6 Haftknépfe (fangt mit einem medio-ventralen 
Haftknopf an). 

No. III, 5 Napfe und 4 Haftknopfe (fangt mit einem medianen Napf 
an). 

No. IV, 4 Niipfe und 4 Haftknopfe (finet mit einem medio-dorsalen 
Napf an). 


? Hine kleine Verschiedenheit ist in der Lage dieses dritten Saumes zu beobachten. 
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techts : 


No. I, 4 Napfe und 5 Haftknépfe (fingt mit einem medio-ventralen 
Napf an) 

No. II, 6 Nipfe uud 3 Haftknopfe (fangt mit einem medio-ventralen 
Napf an) 

No. III, 4 Napfe und 5 Haftknoépfe (fingt mit einem medianen Haft- 
knopf an). 

No. IVY, 4 Napfe und 4 Haftkndpfe (ein medio-ventraler Napf und ein 


medio-dorsaler Haftknopf liegen in einer Ebene). 


Die Napte sind nicht von gleicher Grésse, sondern es zeigt sich, dass 
einer von den medio-ventralen immer etwas an Grosse die ibrigen wber- 
trifft. Auf dem Handteil ist die ventrale Marginalreihe unterdriickt; es 
finden sich eine medio-ventrale und eine medio-dorsale Reihe von Haken 
und Nipfen, die alternierend neben einander stehen. Die Zahl der medio- 
ventralen Haken beliuft sich auf vier bis sechs, und diese sind viel grésser 
als die der medio-dorsalen Reihe. In einigen Fillen aber zeigt sich der 
erste proximale Haken dieser Reihe kleiner als die folgenden. In der 
medio-dorsalen Reihe sind drei bis vier Haken zu finden; der erste findet 
sich immer proximal zu den medio-ventralen Haken. Proximal zu der 
medio-ventralen Reihe von Haken und in derselben Reihe lassen sich zwei 
gestielte Napfe finden. Ein oder zwei solche finden sich auch an der medio- 
dorsalen Reihe. In der dorsalen Marginalreihe gibt es auch einige solche 
Napfe. Auf dem Distalteile der Keule finden sich zunichst einige Grup- 
pen von gestielten Nipfen, welche distalwirts kleiner werden und in regel- 
massigen Vierergruppen stehen. 

Die Chitinringe der Saugnipfe des Handteiles zeigen zwei Reihen von 
Staibchenzonen und in Ziihne ausgezogene Plasterplittchen wie die der Arme, 
nur mit dem Unterschied, dass der Ring aus cinem Teile besteht, der dem 
des diusseren des Armes entspricht. Auch ist der Ring ringsum von unge- 
faihr derselben Breite. Wie bei den Armnapfen sind die Plittchen grésser 
auf dem proximalen als auf dem distalen Teile, und bestehen aus drei bis 
vier Reihen mit grosseren Zahnen, wihrend auf dem distalen Teile die 


Plattchen samt den Zahnen kleiner sind und aus vier bis funf Reihen 
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bestehen. Die distalen Zihne, die auf dem innersten Rande des Ringes 
stehen, sind etwas grésser als die proximalen. 

Der dussere Rand des Chitinrings ist nicht ganz rund, sondern kurz 

eiformig und zwar linger am distalen Ende. Aber die innere Offnung des 
tinges zeigt sich von beinahe rundlicher Gestalt, so dass der Rand des 
Ringes nicht uberall gleichbreit ist; er ist vielmehr am distalen Ende 
breiter als am proximalen. Die Stabchen an dem proximalen Ende des 
Ringes stehen in radialer Richtung, gehen aber immer mehr in eine sub- 
tangentiale wber, je mehr sie sich dem distalen Ende des Ringes nihern, so 
dass in der Mittellinie ihre freien Enden von einander abstehen. Auch 
die einzelnen Stibchen sind am proximalen Ende des Ringes grosser als 
am distalen. 

Der Gladius ist dunkler gefirbt und stark chitinisiert, etwa im 
Winkel von 90° dachformig eingeklappt. Die freie Rhachis erreicht zwei 
Neuntel der Gesamtlinge. Die Fahne lanzettformig, ihre Breite ein Sie- 
bentel der Linge. Sie verbreitert sich zunichst ziemlich schnell mit wenig 
gobogener Anterolateralkante, biegt dann mit abgerundeter Ecke, die etwa 
bei zwei Funftel der Liinge liegt, in die gerade Posterolateralkante um. 
Die halbrinnenformige Mittelrippe der Rhachis erhebt sich in der Mittel- 
linie zu einem soliden Kiel; die Seitenrippen der Rhachis sind kraftig 
entwickelt und zeigen feine Lingsstreifungeu. Von den Seitenecken der 
Fahne aus geht die submarginale Verdickung, die etwas schriig zu der 
hinteren Spitze des Gladius ziemlich gerade sich fortsetzt. Die Fahnen- 
partieen, die innerhalb dieser Verdickungen liegen, zeigen eine feine 
schrige Streifung, die mit der Anterolateralkante der Fahne parallel liuft. 
An der Aussenseite dieser liegt die Marginalarea, welche parallele Dichtun- 
gen zeigt. An der Spitze des Gladius findet sich ein ganz flacher Konus 
mit verdickter Veutralwand. 

Die Leuchtorgane zerfallen in Augenorgane und in Ventralorgane. 
Die ersteren auf dem ventralen Rande des Bulbus in der Bogenreihe, neun 
in Zahl. Die randstindigen, von denen das hintere etwas entfernt von 
dem vyorletzten steht, doppelt so gross als die anderen. Die Organe auf 
der ventralen Fliche des Mantels stehen an dem vorderen ein-drittel Teile, 


in etwa acht Streifen von je zwei alternierenden Reihen, die Marginal- 
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streifen unregelmiissig, eine Reihe von Organen auf dem Rand der Mantel- 
offnung. Auf dem hinteren Zwei-drittel der ventralen Fliche des Mantels 
verlieren die Organe ihre streifenartige Anordnung und verteilen sich ziem- 
lich dicht neben einander. Auf der Ventralflache des Trichters finden sich 
vier Streifen von je zwei bis drei Reihen. Auf der Ventralseite des 
Kopfes finden wir finf Reihen ; eine mediane Reihe, die gleich von dem vor- 
deren Ende der Trichtergrube beginnt und sich in die Innenfliche des 
vierten Armes. fortsetzt ; zwei laterale, cine innere und eine diussere, woyon 
die erstere, die zunichst die Trichtergrube flankierende, sich in der Aussen- 
reihe der Ventralfliche des vierten Armes fortsetzt. Die dussere Reihe 
fanet in der Nahe der ersten Liingsfalte des Halses an und setzt sich in 
dem iiusseren ventralen Rande des Schwimmsaumes des vierten Armes 
fort. Auf der ventralen Seite der Augendffnung liegt diese Reihe gerade 
tuber dem Augenorgane. Eine Reihe findet sich auf dem hinteren und 
ventralen Rand der Augenoffnung. Von dem Vorderrand der Augenoffnung, 
gleich von dem Dorsalrand des Sinus, verliuft eine Reihe an dem ven- 
tralen Aussenrande des dritten Armes entlang. Vereinzelte Organe findet 
man auch auf der Dorsalseite des Mantels. 

Die Kiefer sind wie gewohnlich gestaltet. Das Rostrum des Ober- 
kiefers ist schlank, die Rostralflugel nicht gross, die Basalflugel gut entwickelt. 
Der Unterkiefer wie gewohnlich mit kriiftigem Rostrum, grésserem Rostralfliigel 
und mit Kehllamellen, welche nicht grésser sind als die Rostralflugel. 

Die Radula zeigt einen ganz einfachen Bau und stimmt ungemein mit 
der von Thaumatolampus CHuN’s therein. Jede Zahnreihe besteht wie bei 
dieser Gattung aus sieben Zilnchen, die in Mittelziihne, Seitenziihne und 
Randzihne sich unterscheiden lassen, und die Zahnformel liuft wie bei 
jener Gattung: 3,2,2,1,2,2,3. Der Randzahn, der am langsten ist, misst 
etwa doppelt so lang wie der Mittelzahn; seine Basis ist aber weniger 
breit wie dieser, und ist etwas gebogen, wie gewohnlich. Der Mittelzahn 
sitzt auf der ovalen, die Seitenzihne auf der quadratischen Basalplatte. 
Jener ist etwas grosser als der innere Seitenzahn, wird aber von dem iius- 
seren an Liinge tbertroffen. 

Das Mannchen ist noch nicht bekannt. Eine Anzahl von Spermato- 


phoren sitzen an der dorsalen Seite des Halses unter dem Mantel dicht 
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hinter dem Nackenknorpel in allen den funf Weibchen, die wir beobachten 
konnten. Sie heften sich sowohl an der yentralen Seite des Mantels als 
an der Dorsalflaiche des Leibes an. 

Farbe in Formalin graulich-violettrot, ein dunkler Streifen auf der 
Mittdorsallinie tber die Rhachis des Gladius, welcher von der Farbe der 
letzteren verursacht ist. Die Flossen heller gefarbt. Die Buccalhaut 
dunkelviolett. 


Fundort: Bucht von Toyama, japanisches Meer. 


Bekanntlich ist bis jetzt nur eine einzige Art von der Gattung Fno- 
ploteuthis bekannt, Hnoploteuthis leptura Lracn, welche von der Kuste 
Westatfrikas stammt. Nach Prerrer’, dem wir einen zusammenfassenden 
Bericht tber diese Art nach OrpiaNy’s Beschreibungen und Figuren ver- 
danken, soll dieselbe aber sehr mangelhaft beschrieben sein, obwohl sie 
in grossen Museen in London und Paris vertreten ist. Das ruhrt vielleicht 
daher, dass die Exemplare in diesen Museen nicht in befriedigendem Zustande 
sich befinden. Allerdings gibt Cuun‘ eine recht schone Abbildung von einem 
Minnchen und von einer Tentakelkeule dieser Art in seiner bekannten 
Arbeit ther Oegopsiden, und verspricht eine Beschreibung dieser Art, die 
wir in kurzer Zeit erwarten durfen, so dass wir uns noch genauer und 
grundlicher tuber die Art werden orientieren kénnen. Obgleich wir Ors- 
IgNy’s Arbeit nicht besitzen, so konnen wir jedoch aus PFEFFER und CHUN 
schliessen, dass unser Tier zu der Gattung Hnoploteuthis gehort und eine 
neue Art derselben representiert. Die folgenden Punkte durften als Un- 


terscheidungsmerkmale beider Arten heryvorgehoben werden :— 
Enoploteuthis ‘eptura : Lnoploteuthis chunii : 


1) Die Flosse wird von einem 1) Die Flosse wird yon einem 
Funftelteil des hinteren Mantelendes Sechstelteil des hinteren Mantel- 


uberragt. endes. uberragt. 


* Gerona Prerrer: Die Cephalopoden der Plankton-Expedition: Zugleich eine monogra- 
phische Ubersicht der Oegopsiden Cephalopoden. Ergebnisse der Plankton-Expedition der Hum- 
boldt-Stiftung. Bd. II. F. a. 1912. *Cann Cuun: Die Cephalopoden. I. Teil: Oegopsida. Wis- 
senschaftliche Ergebnisse der deutschen Tiefsee-Expedition auf dem Dampfer Valdivia 1898-99. 
1910, 
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2) Die hinteren Basalecken der 


Flosse etwas eingezogen. 


3) Die Langenausdehnung der 
Flosse ist zwei und einviertelmal in 


der Querausdehnung enthalten. 


4) Der Kopf ist breiter als die 
Manteloffnung, in seinem Augenteil 
kugelig aufgetrieben. 

5) Die Arme sind lang, die lang- 
sten erreichen die Linge des Man- 
tels’. 

6) Sechs Lingsreihen von Leucht- 
organen auf der Ventralflaiche des 


Kopfes.° 


2) Die hinteren Basalecken der 
Flosse nicht eingezogen, sondern all- 
mahlich an den Seiten des hinteren 
Mantelendes endigend. 

3) Die 


Flosse ist ein und einviertelmal in 


Lingenausdehnung der 


der Querausdehnung enthalten; die 
Flosse ist also verhiltnismissig viel 
breiter als lang. 

4) Der Kopf ist schmiiler als die 
Manteloffnung, in seinem Augenteil 
nicht aufgetrieben. 

5) Die Arme sind miissig lang, 
die langsten erreichen nicht die Man- 
tellinge. 

6) Funf Lingsreihen von Leucht- 
organen auf der Ventralflaiche des 


Kopfes. 


Die hier angegebenen Charaktere yon Lnoploteuthis leptura, welche 


PrerrER zwar nicht nach eigenen Beobachtungen angegeben hat, kénnten 
vielleicht nicht als eindeutig betrachtet werden, da die Beobachtungen von 
OrpBicNy und Ferussac schon vor langer Zeit gemacht wurden, welche manche 
wichtige Punkte, wie z. B. die Beschaffenheit und die Anordnung der 
Haken und Napfe auf den Armen und Yentakeln ganz unberucksichtigt 
Es ist hervorzuhe- 


ben, dass die Verschiedenheiten, die ich hier zwischen den beiden Arten 


gelassen oder sehr schlecht angegeben haben.’ aber 


5 Es ist hier zu bemerken, dass nach der Abbildung Cuuy’s von einem Minnchen der 
lingste Arm desselben etwa Zweidrittel der Mantelliinge misst. 

6 Aus der Abbildung Cuun’s und aus der Beschreibung von Prerrer iiber dieselben. C. 
Cuun l.c. Taf. XI. Fig. 5. 3. G. Prerrer l.c. pp. 762. 

7 Allerdings kann man sich an der Abbildung Cuvy’s ziemlich gut tiber diesen Punkt 
orientieren, wie Prerrer auch anerkannt hat. Dies bezieht sich aber nur auf das Minnchen 


allein. 
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angegeben habe, uns berechtigen, unsere Art yon der atlantischen zu tren- 
nen. Ganz tberflissig ist es vielleicht hier zu bemerken, dass der Zweifel 
PFEFFER’S iiber die Identitét der Gattungen Fnoplotenthis und Abralia un- 
berechtigt ist, nachdem Cuutn nach einer erneuten Untersuchung von J. 
leptura die Realitét der Gattung nachgewiesen hat, womit auch Prerrer® 
iibereinzustimmen scheint. Die paarig-symmetrische Anordaung der Leucht- 
organe auf dem Mantel, sowie das Fehlen der grossen Leuchtorgane auf 
der Spitze des Ventralarmes sind zur Geniige konstatiert, eben durch CHUN 


und durch unsere neue Art. 


ERKLARUNG DER ABBILDUNGEN. 


Siimtliche Figuren mit Ausnahme der Figuren 1, 7, 9, 10, 10a, lla, und 14, sind 
yon Herrn K. Yokoyama unter der Oberaufsicht des Verfassers nach der Natur ausgefiihrt 


worden. 
TAFEL XXXVII. 
Eneploteuthis chunii C. IsHixawa. 


Fig. 1. Photographische Aufnahme eines Weibchens. Fig. 1a, Dorsalansicht ; Fig, 1b, 
Ventralansicht. Nat. Grosse. 

Fig. 2. Oralansicht. } nat. Gr. 

Fig. 3. Dieselben mit dem Buccaltrichter geschlossen, ? nat. Gr. 


Fig. 4. Ventralansicht des linken Auges mit Augenleuchtorganen. 7 nat. Gr. 


2 


Fig. 5. Trichter geéffnet um die Trichterorgane zu veranschaulichen. } nat. Gr. 
Fig. 6. Kopf mit dem vorderen Teil des Mantels gedffnet, und schrig von der 


linken Seite gesehen, um die angehefteten Spermatophoren zu zeigen. 1 3 mal vergrissert. 
TAFEL XXXIX. 


Enoploteuthis chuniit C. IsH1kawa. 


Vig. 7. Rechter Tentakel. Zeiss Objectiv a* mit Kompensationsokular 2. 
Vig. 8. Rechter Ventralarm. 33 mal vergrossert. 
Vig. 8a. Spitze desselben schriig von der iiusseren Seite gesehen, um eine Reihe von 


Leuchtorganen zu zeigen. # nat. Gr. 


* G. PrerreR l.c. pp. 762. 
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Fig. 9. Tentakelnapf. Zeiss Objectiv B, Kompensationsokular. 2. 

Fig. 10. Armuapf. Zeiss Objectiv B, Kompensationsokular 2. 

Fig. 10a. Liingsschnitt eines Armnapfes. Zeiss Objectiv D, Kompensationsokular 2, 

Fig. 11. Napf des Karpalpolsters. Zeiss Objectiy B, Kompensationsokular 2 

Fig. lla. Schnitte desselben. Zeiss Objectiv D, Kompensationsokular 2. 

Fig. 12. Oberkiefer von der Seite. $ nat. Gr. 

Fig. 12a. Derselbe, Ventralansicht. } nat. Gr. 

Fig. 13. Unterkiefer von der Seite. 4} nat. Gr. 

Fig. 14. Radula. Zeiss Objectiv B, Kompensationsokular. 2. 

Fig. 15. Nackenknorpel. 23 mal vergréssert. 

Fig. 16. Rechter Trichterknorpel. 2} mal vergréssert. 

Fig. 17. Mantelknorpel; man sieht einige Spermatophoren unten auf der Figur. 
2} mal vergréssert. 

Fig. 18. Gladius, Dorsalansicht. ? nat. Gr. 

Fig. 18a. Derselbe, Seitenansicht. 3 nat. Gr. 

Fig. 18b. Querschnitt desselben durch das Anteriordrittel. +4 nat. Gr. 

Fig. 18c. Konus des Gladius. Ventralansicht. 4 nat. Gr. 


Fig. 18d. Umriss des Konus von der linken Seite. + nat. Gr. 


yP 
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Fig. 3. 


Fig. 1a. Fig. 1b. Fig. 4 
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Fig. 7. 


Fig. 18), 


Fig. 11a. 


Fig. 11. Fig. 10a. 


Note on the Eels of Japanese, Corean, 


Formosan and adjacent Waters. 


C. Ishikawa and Nisuke Takahasi. 


With five Tables and Plates XL, XLI, and XLII. 


The identification of the species of Anguilla occurring in the Japanese 
and Formosan waters appears to be in great confusion. TrEmMMINcK and 
SCHLEGEL! in their great work on the Fishes of Japan have recognized our 
common eel as a new species and described it under the name of Anguilla 
japonica. GUNTHER’ in his well known Catalogue has identified it with the 
American, A. bostoniensis. In a Preliminary Note on the Fishes of the Lake 
Biwa, IsHrkawa** advanced the view that the two well known species of 
eels, the JLostoniensis and the vulgaris might be identical, since by the 
examination of the Japanese eels he found some to correspond exactly with 
the description of the former given by Ginrner, while some resemble that of 
the latter, and so le ascribed our common eel to the A. vulgaris. Later 
on, he’ took measurements of some eighty specimens of eels obtained from 
different localities of the main Islands and of Sikoku, and found that, by such 
measurements, fifty nine specimens out of eighty resemble vulgaris, twelve 


resemble lostoniensis, while nine stand between the two. <A similar con- 

1. von Strnonpt :—Fauna Japonica, Poiss. P, 258, Pl. 113. fig. 2. 

2. Ginrurr :—Catalogue of Fishes. Vol. VILL. 

3. OC. Isarkawa :—A preliminary Note on the Fishes of the Lake Biwa. Zool. Magazine Vol. 
VII, 1895. 

4. C. Isurxawa :— Preliminary Catalogue of Fishes in the Collection of the Nat. Hist, Depart- 
ment, Imp. Museum. Toky6, 1897. 

5. OC. Isaixawa:—On the Variation of the proportional Lengths of the Head, etc. as to the 
total Length in our Common Eel. <Annot. Zool. Jap. Vol. Il. 1898. 
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clusion as to the identity of the two species was reached by M. C. 
DanreEstE®, who, however, did not take our eels into consideration. 

In 1901, D. S. Jorpan and J. O. SNyper’ published a Preliminary 
Check-List of the Fishes of Japan, in which they mention only a single 
species, Anguilla japonica, for our eels, the description of which is given 
by the same authors* in volume XXIIT of the Proceedings of the United 
States National Museum. In his Figures and Descriptions of the Fishes 
of Japan Tanaka’ gives also the same name for our eels, and in the joint 
work by D. S. Jorpan, 8S. Tayaka and J. O. SyypEr”, recently published, 
the same is repeated. 

Now this holds good as far as it concerns the ordinary type of our 
common eel. The difficulty, however, comes in, when JorpDAaN, SNYDER and 
TANAKA put the 6-unagi (giant eels) and kanikui (crab-eaters), both of 
which we identify with A. mauritiana, together with our common eel into 
one and the same species, that of A japonica. Although Tanaka" does 
not mention this in his work iu 1912, he refers to the paper of JorpaNn 
and SNyDER in the Proc. U. S. Nat. Mus. in which these authors consider 
A. bengalensis and A. mauritiant given in the Preliminary Catalogue of 
ISHIKAWA” as synonymous with A. japonica. Lastly a species described by 
D. 8. Jonpan and B. W. Evermann™ under the name of A. remifera may 
be accounted as an extreme variety of A. japonica, as will be seen in the 
sequel. 

It will thus be seen that all the eels occurring in our waters have 
been placed under Trmminck and ScHLEGEL’s A. japonica without any closer 
examination of the specimeus. It is therefore quite necessary that a closer 


examination of the eels of our waters be carried out to a much greater 


6. Comptes-rendus of Academy of Science, Paris. 
7. D. S. Jorpan and J. O, SyypEr:—A Preliminary Check-List of the Fishes of Japan. 
Annot. Zool. Jap. 1901. 

8. Pro. U.S. National Museum. Vol. XXIII. 

9. §. Tanaka :—Figures and Descriptions of the Fishes of Japan. Vol. IX. 1912. 

10. A Catalogue of Fishes of Japan. Journ. Coll. Science, Tokyo Imp. Uniy. Vol. XXXIIL. 
1913, p. 76. 

11, Tawaxa: 1. c. 

12. IsHreawa: |. c. 

15. D. S. Jonnan and B. W. Evermann;—Notes on a Collection of Fishes from the Island 
of Formosa. Proce. U.S. Nat. Mus. Vol. XXV._ p. 325, 1902. 
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extent than before, since the eel question forms one of our most interesting 
subjects both in ichthyology and in fishery. For this reason, the authors 
began to make a tolerably extended examination of the specimens of eels 
mostly obtained at the Tokyo market, but those from the Bonin Islands, 
the Island of Formosa, as well as those kept in the Imperial Museum and 
the Fishery School at Fukagawa were also examined. For their liberality 
in lending us their valuable specimens the authors have to thank the 
authorities of these institutions. Thanks are also due to Mr. Y. Waxtya for 
his valuable aid in many ways during the progress of the work, 
In the following pages are described :— 
I. The Common Eel of the principal Islands of Japan. 

II. The Corean Common Fel. 

III. The Formosan Common Eel. 

IV. Anguilla mauritiana BENNETT. 


V. Anguilla sinensis (?) McCLELLaAnp. 


I. On the Common Eel of the principal Islands of Japan. 


A large number of the common eels of the principal Islands of Japan, 
Honsyu, Kytsyt, Sikoku and Hokkaidd, were examined as to the 
proportional lengtiis of the head ete. to the different parts of the body, 
the structures of the mandibular and maxillary bands of teeth, and the 
numbers of the vertebre. The number of specimens examined amount 
in most cases up to one hundred. Only where the examination was 
made difficult, owing to the state of preservation of the animals, a lesser 
number was used, the exact number of materials used for the examina- 
tion of different parts of the bodies being given in the accompany- 
ing table (Table I). 

1) Lengths of the head etc. in percentage of the total length. The 
length of the head varies from 10.77 to 13.82; the distance from the 
tip of the snout to the origin of the dorsal fin, from 26.51 to 34.14; the 
distance between the origin of the dorsal fin and the gill-opening, 15.09 
to 20.81; the distance between the vent and the gill-opening, from 25.43 


to 30.17; the distance between the commencements of the dorsal and anal 


418 C. ISHIKAWA AND NISUKE TAKAHASI. 


fins, from 7.03 to 12.67; the length of the pectoral fin, from 2.71 to 5.56; 
length of the upper jaw, from 2.64 to 3.94; length of the snout, from 
1.76 to 2.63; diameter of the eye, from 0.60 to 1.47; interorbital space, 
from 1.10 to 2.37; height of the body in front of the anus, from 4.51 to 
5.88 in percentage of the total length. . 

These numbers show the variations of different parts of the bodies 
standing at both the extremities given in percentage of the total length. 
But as a part of the body, which in one case represents an extreme minus 
or plus variation, does not necessarily mean that another part of the body 
of the same individual presents also the same variations, it is necessary 
to take proportional measurements of these parts of the body contained in 
the total length etc., as for instance the length of the head in the total 
length, in the distance between the origin of the dorsal fin and the gill- 
opening, etc. ete. 

2) Lengths of the head etc. contained in the total length etc. The 
length of the head is contained 73, to 94% in the total length, 1,5, to 142 in the 
distance between the origin of the dorsal fin and the gill-opening, 124 to 
225 in the distance between the vent and the gill-opening; the distance 
between the commencements of the dorsal and anal fins is contained 4? to | 
141 in the head; the distance from the tip of the snout to the origin of 
the dorsal fin is contained 2137 to 3,%°; in the total length; the length of 
the pectoral fin is contained 2; to 3¢; the length of the snout, 43 to 7; 
and the length of the upper jaw, 3! to 4,4 in the head; the diameter of 
the eye is contained 12 to 3 in the snout, and 1 to 2? in the interorbital 
space; the height of the body in front of the anus is contained 17,°,¢ to 
224 in the total length. 

3) Average lengths of the head etc. in percentage of the total length. 
The length of the head is 12.35; the distance between. the origin of the 
dorsal fin and the gill-opening is 18.19; the distance between the vent and 
the gill-opening is 27.20; the distance between the commencements of the 
dorsal and anal fins is 9.76; length of the pectoral fin is 4.01; length of 
the upper jaw is 3.24; length of the snout is 2.16; diameter of the eye 
is 1.02; interorbital space is 1.92; height of the body in front of the anus 


is 5.21 in percentage of the total length. 
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4) The ratio of the preanal and postanal® parts. The ratio of the 
preanal and postanal parts varies from 1:1.35 to 1:1.71; and the average 
length of the preanal part to that of the postanal part is 1: 1.53. 

5) The number of the pectoral fin rays. One hundred and eighteen 
specimens were examined for this purpose. It was found that the number 
of the pectoral fin rays varies from 14 to 19, the mean number being 
16.87. In most specimens, the number is 17. 

6) The number of the branchiostegal vays. In one hundred specimens 
the number of the branchiostegal rays varies from 9 to 13, the mean 
number being 10.82. Most specimens have 11 rays. 

7) he number of the vertebre. The total number of the vertebrae 
counted, varies from 112 to 119, of which the prxcaudal portion counts 42 
to 47, while the caudal portion, 68 to 76. The formula of the vertebr 
in average is as follows :— 

43.67 + 71.98 =115.65 

The average number of vertebre recently given by Jous. ScHmiprT® 
obtained from two-hundred and two specimens of A. japonica is 115.876; 
and that given by Marvuxawa”, from ninety-one specimens is 116.29. 
Thus both these numbers correspond almost exactly with the above given 
number taken from one hundred of our specimens, the frequency curve 
in all cases being nearly similar, as wil! be seen from the following 
table. 

THE NUMBER OF VERTEBRZ.. THE NUMBER OF INDIVIDUALS. 


AUTHORS: | SCHMIDT'S. MAanruKaAwa’s. 
103 Ro ht io ee f 3 1 
wo sol cs een ae 8 L7 3 
Lie ae 18 43 21 
eS a le Geo 28 6S 50 
cee ey Sie aes ceea le 23 40 15 
Lies 18 23 


14. Distance from the tip of the snout to the vent. 

15. Distance from the tip of the caudal fin to the vent. 

16. Joxus. Scumipr;—Zur Unterscheidung einiger Siisswasseraalarten. Der Fischerbote. V. 
Jahrgang. Nr.11. 1913. 

17. Marvuxawa :—Suisan-Kwai Ho(The Journal of the Fishery Society of Japan), No. 366. 1913. 
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db] bs Perr Sen Ae 5) — 
DUD. SESS sat eebn een eee 1 1 a 
The total number of specimens 
observed 100 202 91 
The mean number of yertebree 115.65 115.876 116.25 


8) The coloration. It is a well known fact that variations of color 
often occur among the individuals of our common eel, even among those 
that are found in one and the same locality. A form with many black 
spots scattered all over the body, and known by the name of goma-unagi 
or spotted eel is considered by fishermen and fishmongers as a species 
distinct from the ordinary eel. It is, however, nothing more than a color 
variation, as no other distinctive characters except this peculiar coloration 
can be found, and the intermediate forms between the usual colored ones 
and the spotted are not at all seldom. 

9) The shape of the tail end. The shape of the tail end is quite 
variable, but can generally be grouped into the following three :— 

a) The marginal end roundish. 

b) The marginal end somewhat pointed. 

c) The marginal end sharply pointed. 

Of these three most of the individuals can be placed under the second 
form. 

10) The form of the pectoral fin. The pectoral fin varies very much 
in form, but can also be classified into three forms :— 

a) The marginal end nearly round; the length nearly equals to its 
width. 

b) The marginal end sharply pointed ; the length more or less greater 
than the width. 

c) The marginal end sharply pointed; the length decidedly greater 
than the width. 

Of the above three forms, the second is the most common. 

11) The shape af the snout. The shape of the snout varies much in both 
the sexes ; but is generally broader in the females than in the males. This, 
however, can not be considered as a definite character, since we often find 


males in which the snout is broader than in the females of the same size. 
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12) The Relative position of the angle of the mouth to the eye. In 
general, the angle of the mouth extends to the vertical from the hind 
margin of the eye. This, however, can not be looked upon as a definite 
character, for we often find specimens in which the angle of the mouth 
extend to beyond the hind margin of the eye, or ends in front of it. 

13) The bands of teeth. In the eels the bands of teeth are usually 
restricted to three regions of the maxilla, the mandible, and the vomer. 
A specimen caught in a pond of the Fishery School at Fukagawa, Tokyo 
(so-called Imperial Fisheries Institution), shows a distinct band of teeth 
on each side of the palate situated near the posterior end of the band of 
teeth of the upper jaw. ‘These bands are very small consisting of about 
seven teeth each. 

14) The longitudinal groove in the maxillary and mandibulary bands 
of teeth. The statement with regard to teeth in the original description 
of our common eel given by TEMMINCK and ScHLEGEL* in Fauna Japonica 
is quite simple. It is nothing more than the following :— 

‘Tes dents ne différent pas de celles de ’espece commune.” 

So far as known, GinrHEer” was the first who described the presence 
of a longitudinal groove in the mandibulary band” of teeth in the eels. In 
his valuable Catalogue of Fishes he recognizes this fact to be an important 
specific character of Anguilla, and gives a pretty good description of the 
mandibulary band of teeth in every species he mentioned. According to 
this description there is no longitudinal groove present in the mandibulary 
band of teeth, neither in A. vulgaris nor in A. bostoniensis, to the latter of 
which he put our A. japonica as a synonym. 

Although GinTHER did not make any close examination of the dental 
bands in our common eel, it is not to be doubted that he places it to 
belong to those species in which the longitudinal groove is absent in the 
mandibulary band. Closer examination, however, reveals us the presence 


of a distinct groove in both of the mandibulary and the maxillary bands. 


18. von SreBoupT: 1. c. 

19. GutnrHeER: l. c, 

20. Ginter does not mention anything about the maxillary bands of teeth which, as will be 
seen later, are of nearly the same importance as those of the mandibulary bands, 
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The band is divided in each case by a groove into two strips, the outer 
of which consists of two rows of teeth for its greater portion, the inner 
row having much larger teeth than the outer. The inner strip consists 
mostly of a single row of smaller teeth which are nearly of the same size 
as the outermost teeth of the outer strip. Both in outer and inner strips 
the number of the rows increase and become more or less irregular near 
the front end, where the groove also becomes obscure. 

Lastly, the size of the teeth of the vomerine band is similar to those 
of the jaws, but they become smaller posteriorly, while the band itself is 
broader, but slightly shorter than that of the maxillary, and tapers 


behind. 


Considerations as to the specific characters of our common eel. 


Although the number of specimens observed by the authors are too 
few to draw any decisive conclusion as to the specific distinction of our 
common eel, the characters given above, as well as those given by other 
authors, when taken together, are enough to make us conclude that our 
species is distinct from other forms of eels hitherto known, and the specific 
name of Anguilla japonica given by TEMMINCK and SCHLEGEL can best be 
applied to this form, although his description is, as might be expected, 
not enough to distinguish it from other species of Anguilla. The difficulty 
comes in, however, if we try to distinguish it from such allied forms as 
A. vulgaris, bostoniensis or rostrata, from all of these it is sometimes very 
difficult or even impossible to draw a clear line of demarcation, as many 
intermediate forms link them together on all sides. 

Of the distinctive characters in which A. japonica differs, however, 
from its allies may be mentioned the following :-—— 

1) The length of the head contained in the total length; 2) the 
position of the origin of the dorsal fin in the body; 3) the length of the 
upper jaw contained in the head; 4) the proportion of the distances 
between the origins of the dorsal and anal fins to the length of the head ; 
5) the ratio of the przeanal and postanal parts: 6) the proportion of the 


height of the body in front of the anus to the total length; 7) the total 


NOTE ON THE EELS OF JAPANESE, COREAN, FORMOSAN AND ADJACENT WATERS. 425 


number and the formula of the vertebrae; 8) the structure of the bands of 
teeth in jaws and vomer; 9) the relative position of the angle of the 
mouth to the eye. . 

If we now compare the parts of the bodies of A. vulgaris and A. 
bostoniensis given by SrerH E. Meek”, and the mean number of the vertebree 
obtained from two thousand seven hundred and seventy-five specimens 
of A. vulgaris, and from three hundred and sixty-one specimens of A. 
bostoniensis observed by Jous. Scumipt’, with those taken from the 
average of one hundred specimens of A. japonica given above, we will 
fnd that in A. japonica, the length of the head is shorter than in A. 
bostoniensis (12.509), and still shorter than in A. vulgaris (13.20%); the 
distance from the tip of the snout to the origin of the dorsal fin is 
shorter than in A. bostoniensis (33.509), and slightly longer than in A. 
vulgaris (30.509); the distance between the commencements of the dorsal 
and anal fins is nearly equal to that in A. bostoniensis (9.75%), and distinctly 
shorter than in dA. vulgaris (13.67%); the mean number of the vertebree 
is about eight more than in A. Lostoniensis (107.116), and about one in 
A. vulgaris (114.728). 

As, however, the number of the specimens of A. vulgaris and A. 
bostoniensis observed by SetH E. Merex is not known, it is perhaps not 
quite safe to draw any conclusion from such a comparison. For this 
reason the above comparison is to be looked upon as giving only some 


hints as to the differences existing between these species of Anguilla. 


II. On the Corean common eel, 

According to the observations on four specimens obtained from IKeijo 
(Seoul), Fusan and Heijé, the Corean common eel can be safely identified with 
A, japonica TEMMINCK et SCHLEGEL, as has been suggested by H. Marukawa, 
and the measurements of the above four specimens, as will be seen from 
the table (Table TIT), exactly correspond with those of this species. It 
may be mentioned here in this connection, that the common European A. 

91. Seru E. Meex:—Bull. U. S. Fish Comm. 1883. ‘This work was not accessible; the 
reference is taken from the foot-note given by Jordan and Evermann, Fishes of North and Middle 


America. 
JouS. Scumipt: |. c. 
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vulgaris (A. anguilla) is stated by Brere™ to occur in Corea. This can only 
be determined by actual observations of his specimens, since our specimens 


do not show any sign of their being synonymous with A.vulgaris. 


III. On the Formosan common eel}. 


Forty-seven individuals of eels from the Island of Formosa were 
examined, and compared with our Japanese forms. | 

The comparison revealed no distinctive characters of any importance 
between them. On the average it shows that in the former the length of 
the head, the distance from the gill-opening to the origin of the dorsal 
fin, the distance from the tip of the snout to the origin of the dorsal fin, 
the distance of the gill-opening from the vent, the distance between the 
origins of the dorsal and anal fins, the length of the pectoral fin, the 
diameter of the eye, the interorbital space, the height of the body in 
front of the anus are somewhat greater, while the length of the snout, the 
length of the upper jaw and the length of the postanal part of the body 
is more or less smaller; and the mean number of the vertebrz is lesser 
in the former than in the latter. The tail of the Formosan forms is 
generally rather more pointed than that of ours. It is, however, quite 
difficult to ascertain whether these differences do really exist, and even 
when this is found to be the case, the question still remains whether these 
are to be regarded as having any specific value. For these reasons the 
authors are inclined to consider the Formosan common eel only as a 
local variety of <A. japonica. In the following table the lengths of the 
head ete. in percentage of the total length of the Japanese form compared 


with that of the Formosan are given :— 


THE AVERAGE LENGTH OF THE PARTS OF THE BODY AND THE 
MEAN NUMBER OF THE VERTEBRA. 


Japanese form. Formosan form. Corean form, 


Whe. total ewe x ie eens. nice nceee LAO: 100. 100. 
The distance from the gill-opening 
to the origin of the dorsal fin.... 18.18 18.41 18.97 


23. ‘The paper of Bera was not accessible, but the fact was kindly communicated by Dr. 8. 


Tanaka to the authors. 


The length of the head. ............ 12.35 12.70 
The distance from the gill-opening 

PE WO as coc cts wna: .- ne saninese 3 27.20 28.45 
The distance from the tip of the 

snout to the origin of the dorsal 

se Ltt pe a rr 30.54 A ios oe | 
The distance between the origins 

of the dorsal and anal fins. ... 9.76 10.31 
The length of the pectoral fin. ... 4.01 4.77 
The length of the upper jaw....... 3.24 3.20 
The length of the snout. ............ 2.16 2.14 
The diameter of the eye. ............ 1.02 tai at | 
The interorbital space................ 1.92 2.06 
The height of the body in front 

ie aE), ACARI 22205 2 Da eb ings wave ws 5.21 5.40 
The ratio of the preanal and 

POstaTIAL! PALS: oi. oon cso ee ntan ewe i eR es, LT at 
The number of the vertebre. ...... 115.65 115.57 


NOTE ON THE EELS OF JAPANESE, COREAN, FORMOSAN AND ADJACENT WATERS. 425 


Again the number of vertebre possessed by different individuals of the 


Formosan and the Japanese eels: — 


THE NUMBER OF INDIVIDUALS. 


Formosan form. 


Number of vertebrie. Japanese form. 
119 iL 
118 - 8 
117 18 
116 28 
115 24 
114 Ly, 
113 3 
112 ] 
inal: — 


bo 


ft 


1 


Looking at these tables we notice that the various proportions in the 


two forms nearly correspond with each other; the largest number of 


individuals with 116 


nearly the same proportion. 


and 115 vertebre is also found 


in both 


forms in 


The absence of the specimen with 119 
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vertebrwe in the Formosan and the presence of a single individual with 
111 which is not met with among the Japanese form, is perhaps to be 
looked upon only as local variations. 

It now remains, in connection with the discussion of the Formosan > 
eel, to consider two species, one given by GUNTHER™ as bostoniensis from 
Formosa, and another described by JorpAN and EVERMANN” as a new 
species under the name of Anguilla remifera. 

The specimens given by GUNTHER as A. bostoniensis are stated to be 
“half grown specimens from Formosa,” and can presumably be referred 
to A. japonica, since the author considers the two forms as one and _ the 
same species, as said before. 

A. remifera ig a species deseribed by JorpaNn and EVERMANN 
from a single specimen obtained from Hokot6, Formosa. It appears, 
however, that this so-called remifera is nothing more than a variety of 
A. japonica; the distinctive specific characters given to it by the authors, 
that the length of the head is slightly smaller than the distance between 
the origins of the dorsal and anal fins, and that the pectoral fin is much 
larger, being 2.17 in the head and rather pointed, are the points which 
are to be seen in extreme varicties among A. japonica. Such varieties 
‘are the Nos. 25, 31 and 74 in the Table II of the Formosan A. japonica 
we examined, and which almost exactly correspond with the characters 
given for A. remifera. These individuals can not, therefore, be regarded 
as an independent species, but only as individuals standing at one end of 
the numerous varieties occurring among the specimens of dA. japonica, all 
the intermediate forms being found between them and the ordinary forms 
on one side, and on the other side many forms connect these and the 
varieties standing at the other extreme. 

Should therefore A. remifera be regarded as a species distinct from 
A. japonica, then all these forms standing at the other extreme end of the 
series, such as Nos. 1. 6. and 9. 5. in Table I of the Japanese waters 
must also be considered as a distinct species. 


24. GunTHER:—1. c. 
25. JORDAN and EverMANN :—]. c. 


lo 
“I 
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IV. Anguilla mauritiana BENNETT. 


In the running waters of the middle and southern provinces of the 
Japan Islands, as well as in those of the Bonin Islands, there is found 
a kind of eel which often attains a large size, and of stouter appearance 
than the ordinary A. japonica. These are known by the fisherman as 
d-unagi, giant eels, or kanikii, crab-eaters. On closer examination of the 
specimens found in our collections, they are found to be a species widely 
distributed in the East Indian region, and described by BENNETT” under 
the name of A. mauritiana. The proportional lengths of the heads ete. 
taken from five specimens are as follows; the exact measurements being 
given in the table (Table IV). 

The length of the head is contained 6,45, to 7,7, in the total length, 
3%) to 1.3, in the distance of the gill-opening from the origin of the 
dorsal fin, and 1,85, to 2,7, in its distance from the vent; the distance 
between the commencements of the dorsal and anal fins is longer than 
the head and the length of the head is contained 1,7, to 14% in it; the 
distance from the tip of the snout to the origin of the dorsal fin is 
contained 3-8, to 444 in the total length; the length of the pectoral fin is 
contained 238 to 333, the length of the snout 4} to 434, and the length 
of the upper jaw 232 to 21% in the head; the diameter of the eye is 
contained 2,8; to 3 in the snout, and 2? to 32 in the interorbital space ; 
the height of the body in front of the anus is contained 13 to 16} in the 
total length; the length of the preeanal part to that. of the postanal part 
is 1:1.20 to 1:1.39. The cleft of the mouth lies far beyond the hind rim 
of the eye. Lips are well developed, the lower jaw is rather projecting. 
The teeth in the jaws and the vomer are subequal, and villiform; the 
vomerine band of teeth is scarcely broader and shorter than that of the 


maxillary, and tapers behind; the teeth becoming smaller posteriorly. 


26. Brennetr:—Pro. Conn. Zool. Soc. 1831, p. 138. GinrHEer: Catalogue of Fishes. Vol. 
VII, p: 25. Isurawa; Prelim. Catalogue of Fishes etc. 1897. p. 7. gives it to a specimen of eel 
from Awa, Sikokn Island, with an interrogation mark, but as his specimen is a stuffed one, we 
could not identify it with our specimen. Jorpan, Tanaka and Snyper |. c. appear to deny 
the existence of the species in Japan or identify it with the common A. japonica, since they 
mention the Japanese name é-unagi and kanikui as synonymous with the common unagi or 
A. japonica. 1. c. 46. 
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The mandibullary and maxillary bands of teeth are longitudinally divided 
by a distinct groove into two strips. The outer consists of two or three 
rows of teeth for its greater portion, the innermost row of which being 
much larger than cthers, while the inner strip consists mostly of a single 
row of smaller teeth which are nearly of the same size as the outermost 
teeth in the outer strip in which the rows increase and become more or 
less irregular near the front end. . 

The color of the specimens preserved in formalin is bluish black, 
mottled with black ; the ventral part of the body pale. 

From these as well as from the details given in the table, it will be 
observed that some individuals do not strictly coincide with the descrip- 
tion of A. mauritiana given by GtnruEeR. But the deviations are, as will 
be seen from the table, of minor importance and do not exclude the idea 
of the identification of these specimens with this species. A. mauritiana is, 
as above mentioned, of wide range, occurring in the East-Indian Ocean 
and archipelagoes, Formosa, Bonin Islands (Ogasawara), and in waters of 
the middle and southern Islands of Japan. The differences between this 
species and A. japonica are to be looked for in the number of vertebra, 
the position of the dorsal fin, and the relative position of the angle of the 


mouth and eye. 


V. Anguilla sinensis (?) McCLELLAND.” 


Among numerous specimens of eels bought.in the market of Tokyé, 
we found a single individual showing a marked variation from the common 
A. japonica. The examination of external characters, showed it to have a 
great similarity with the species given by GinvHer under the name of A. 
sinensis McCLELtLAND, to which we are inclined to place it, although it 
differs from Ginruer’s description of the mandibulary bands of teeth, 
which is stated to have no groove, whereas in our specimen this is quite 
evident both in mandibulary and in maxillary bands. 

The specific characters of our specimen will be given as follows :— 


Vert. 48-+55; p. 17; Br. 12. 


7. Anguilla sinensis, M’Crxtx. Cale. Journ, TV. p. 406, tab. 25. fig. 2. 


) 
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The length of the head is contained 7,%, in the total length, 14% in 
the distance of the gill-opening from the origin of the dorsal fin, and 2.'; 
in its distance from the vent; the distance between the commencements of 
the dorsal and anal fins is shorter than the head, and contained 1,%- in 
the head; the distance from the tip of the snout to the origin of the 
dorsal fin is contained 243 in the total length; the length of the pectoral 
fin is contained 2,%,, the length of the snout 53, and the length of the upper 
jaw 4 in the head ; the diameter of the eye is contained 22 in the snout 
and 2 in the interorbital space ; height of the body in front of the anus 
is contained 163} in the total length; the proportion of the preanal part 
to that of the postanal is 1 to 1.26. The cleft of the mouth extends to 
the hind margin of the eye. Lips are rather thin ; lower jaw is prominent. 
The teeth in the jaws and the vomer are villiform, subequal ; the vomerine 
band of teeth tapers behind and is a little broader and shorter than that 
of the maxillary, the teeth becoming also smaller posteriorly; the 
mandibulary and maxillary bands of teeth are longitudinally divided into 
two strips by a groove. The outer strip consists mostly of two rows for 
its greater portion, the inner row of which having much larger teeth than 
the outer. The inner strip consists mostly of a single row of smaller 
teeth which are nearly of the same size as the outermost teeth of the 
outer strip. Both in outer and inner strips the number of the rows 
increase and become more or less irregular near the front end where the 
groove also becomes obscure. 

The color of the dorsal part is yellowish black; lateral part reddish 
yellow, ventral white, and the marginal end of the tail is black. 

As will be seen, the above description is made from a single specimen 
and, as well known, it is not quite safe to conclude the specific character of 
the specimen, especially as the eels belong to such animals which show 
great individual variations’. From the coincidence of external characters 
of this specimen with the description given by Ginruer of A. sinensis, we 
tried to identify it with this species. But as these characters are the 

28. Jous. Scuwipr —I. ¢. p. 454. rightly remarks on this point as follows :—* Innerhalb der 


Gattung Anguilla ist es ganz unmiglich, durch Untersuchungen von nur einem oder wenigen 
Individuen eine Art festzulegen, wie das bei vielen anderen Fischen miglich ist.” 
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points which are considered by such authorities as Jous. ScHMIpT as 
liable to variability during the individual life of the eel, we would not 
try to identify it with sinensis, if it did not show the great difference in 
the number of the vertebrae, which as stated above amounts to only 98, 
whereas in all the allied forms the number is more, and this number is 
known to belong to such characters of the eel which are not changeable 
during the life of an individual. Should it therefore be proved not to be 
identified with sinensis, it is tolerably certain that it is not at the same 


time synonymous with either vulgaris, rostrata or japonica”. 


From the above it will be seen that three species of Anguilla occur 
in our waters: A. japonica, A. mauritiana and A. sinensis(?). Of these, the 
first species is the most common, occurring in all waters of the main 
Island facing the Pacific Ocean, the Islands of Sikoku and Kyusyut, the 
Bonin Islands, Hokkaid6, Formosa and Corea. On the Japan sea side of 
the main Island it occurs only in waters flowing to the sea west of the Noto 
peninsula, no Montées are found to come up the streams all along the coast 
of Toyama, Niigata, Akita, and Aomori as far north as the strait of Tugaru. 
The mauritiana occurs, as said before, in the waters of the middle and 
southern parts of Japan, being found in all the Islands of Izu, and Bonin 
Islands; but it is not a true Japanese eel, as it is found in all the waters 
of the Indo-Malay region. It is the dunagi and kanikui of our fisher- 
men and not synonymous with A. japonica, as JORDAN, TANAKA and SNYDER 
seem inclined to take it. ‘The occurrence of this species in our waters is 
therefore to be looked upon only as outside stragglers from the tropical 
sea of Asia. Lastly the species we identified with sinensis is, when proved 
to be a true independent species, a very rare animal in Japan. 

The Formosan <A. remifera described by JorDAN and [vERMANN 
is to be regarded as identical with A. japonica; and the statement of the 
occurrence of A. anguilla or vulgaris in Corea is very doubtful, and can 
only be confirmed by later researches. Lastly, a species of eel which is 
stated to have been caught in a rapid in Awa, Island of Sikoku, and 


2). Jous, Scumprr, for instance, gives the average number for vulgaris 114.728, rostratx 
< oO ? 
107.116 and for japonica 115.876. 
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described by D. S. Jordan” under the name of A. manabei, is to be 
reserved for future investigations, since the description is made from 
only a single specimen, and nothing is known about the number of the 


pectoral fin rays or of the vertebrie. 


30. Davin S. Jorpan:—Description of Anguilla manabei, 1 new eel from Japan. Proce. U. 5. 


Nation. Museum, Vol. 44, 1913. 


EXPLANATION OF PLATES. 


PLATE XL. 
Anquilla japonica. 


Fig.1. The curves showing the number of branchiostegal rays possessed by one- 
hundred individuals of the Japanese and forty-seven individuals of the Formosan common 
eel—A. juponica; the black spots within heavy line show the number possessed by the 
Japanese form, those within the broken line, the Formosan. The figures on the left of the 
plate show the number of the individuals, those at the bottom the number of branchiostegal 
rays ; in the next column twenty six individuals with ten branchiostegal rays ete. 

Fig. 2. The curves showing the number of the pectoral fin rays possessed by one- 
hundred and eighteen individuals of the Japanese, and forty-seven individuals of the 
Formosan common eel—A. japonica ; the black spots within the heavy line show the number 
possessed by the Japanese form, those within the broken line, the Formosan. The figures 
on the left of the plate show the number of the individuals, those at the bottom the number 


of pectoral fin rays. 


PLATE XLII 
Anguilla japonica. 


All the figures are photographie reproductions from nature. 
Fig. 1. Side view of the head and the anterior portion of the body in three specimens, 
showing the relative position of the angle of the mouth and the eye. Fig. Ja, male with a 
total length of 445mm. Fig. 1b, a male with a total length of 345mm. Fig. 1c, a male with 
x total length of 445mm. 

Fig. 2. Side view of the head and the anterior portion of the body, showing the varia- 
tions in the form of the pectoral fin. Fig. 2a, a female individual of 322mm total length. 


Fig. 2b, a made individual of 350mm. Fig, 2c, a male of 420mm. 
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Fig. 3- Dorsal view of the heads of three male individuals, showing the variations in 
their breadth, Fig. 3a, an individual of 423mm ; Fig. 3b, 420mm ; and Fig. 3c, 355mm. 

Fig. 4. Side view of the tail-ends of three individuals, showing the variations in their 
forms. Fig. 4a, a male with the total length of 480mm ; Tig. 4b, a female, 540 ; Fig. 4c, 
a female (?), 494mm. 

Fig. 5. Two individuals showing the variations of the length of the head. Fig. 5a, an 
individual with the total length of 380mm ; Fig. 5b, 412mm. 

Fig. 6. Two individuals showing the variations in the position of the dorsal fin. 
Fig. Ga, 232mm long; Fig. 6b, 548mm long. 

Fig. 7. Two individuals of A. jupeniea from the Main Island, showing the variations 
of the proportion of the distance between the origins of the dorsal and anal fins as to the 
length of the head. Fig. 7a, an individual with tke total length of 275mm; Fig. 7b, an 
individual with the total length of 283mm. 

Fig. 8. Three individuals of A. japonica from Formosa. Fig. 8a, an individual with the 
total length of 439mm, and almost exactly resembling the form described by Jorpan 
and EverMANN under the name of A. remifera. Fig. 8b, an individual with the total length 
of 439mm, in which the head is shorter than the distance from the origin of the dorsal to that 
of the anal fin. Fig. 8c, an individual in which the head is longer than the distance between 
the commencements of the dorsal and anal fins, 358mm long. 

Fig. 9. A Corean example of A. japonica. 457mm long. 

Fig. 10, Anguilla mauritiana, 430mm long. 


Fig. 11. Anquilla sinensis (?), 331mm long.. 


PLATE XUIL 


Figs. 12-18. Outline drawings of different kinds of eels occurring in our waters as 
compared with those of A. vulgaris and A. bostoniensis. 

Fig. 12. A japonica—Japanese common eel. 

Tig. 13. A. japoniea—Formosan common eel. 

Fig. 14. <A. japonica—Corean common eel. 

Fig. 15. A, mauritiana. 

Fig. 16. <A. sinensis (?). 

*Fig.17. A. vulgaris. 

*Pig. 18. A. bostoniensis. 

Pig. 19-22. Sketches showing the bands of teeth of A. japonica, mauritiana and 
sinensis (2). Tig. 19 and 20, A. japonica; fig. 19a, mandibulary band; Fig. 19b, maxillary 
and yvomerine bands. Vig. 29, maxillary and vomerine bands of teeth in another individual 


in which the palantine bands of teeth are also seen. Twice the natural size. 
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Fig. 21, A. mauritiana; Fig. 21a, mandibulary band; Fig. 21b, maxillary and vomerine 
bands. Natural size. 
Fig. 22, A. sinensis (?); Fig. 22a, mandibulary band; Fig. 22b, maxillary and vomerine 


bands. Twice the natural size. 


*These figures are reconstructed from the accounts and figures given by various European and 
American authors, such as Seth E. Meek, D. S. Jordan, Emil Walker and others. 
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juju ire photographed by N. Lalcahasi from nature. 
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Fig. 1. 


Fig. 2. b. 
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Table I.* Japanese Common Eel—Anguilla japonica TeminoK 


| Ratio of tho longth 
Actual length in mm Length of head etc. in percent. of the total length. Length of head ote. contained in the total length ote. | of the preanal and Vortebrie, 
—s ee ee - ss _ = oo be eee. Y postanal Rexte| _ 
g.0-piao.-v)p.-a.| «| rv | s.| © | 1 | » |st-v.lv.-celst—p|rr.] a |60-pleo.-v)p-a [as | E | 1 | » |st—v.lv.-or|st—p a Ht + “ P| | BHR a | 2 st=p|** V. : V.-O. | Formula, | Number 
= —— Weal | | = | =e _ | : _ 
37 57 25 8 | 7 Soa Sg Wee a } 82 | 1 36 62 W | 1147) 16.97 | 26.15 | 11.47 | 8.67] 3.21 |2 20 | 1.38 | 1,83 | 37.61 | 62.39 | 2844 | 828 12 | 14 | 34 2 az 1 3 - ait 1; 1,66 444-71 115 
41 62 4 8 9 5 3 5 89 | 135 | 68 | 12.05| 18.30 | 27.68 | 10.71 | 3.57 102 | 23 | 1.34] 2.23 39.73 | 6027 | 30.36 Teel eens ee an 14 a= | — 30. 1: 152 44-70 4 
44 64 22 | 8 | 75 | 5 | 2.5 | 3 — w 137 70 WA 19.38 | 28.19 9.69 3.52 | 3.30 220) 1.10) 1.32) — 39,65 | 60.35 30.84 2 | 1 337 Lea ostan lay | 1: 1.52 15-71 116 
44 61 1 | 7 7 4 | 25 | 25 | 87 140 70 11.45] 19.38 | 26.87 8.37 | 3.08 | 3.08 | 1.76 | 1.10] 1.10 38.33 | 61,67 0.84 | Sih] OF | 13] 1 3 13 a2 is 3 yh 1: 161 15 4-68 113 
43 60 20 7 75 4.5 | | 86 141 69 11.45) 18,04 | 2¢ 8.81 | 3.08] 3.30 | 1,98 | 37.89 | 6211 30.40, 5+ = = 3 12 | at 135 3 ae 1: 1.04 454-71 116 
40 63 26 8 i | 3 4 | ss | wa | 65 | 10,86) 17.39 | 739 | 11.30 | 326] 348] 217 | 1.30} 1.70 38.26 | 61,74 ot | 5—] 1 =|) eee |) a 1+ ais + a | = 38 1: 101 15470 115 
| | 
36 5 25 75 | 9 5 | 2 4.5 12 5 146.5 61.5 1142] 1509 | 25.43 10.78 | 3.23 | 3.88] 216] 0.86] 1.94] 5.17] 36.85 | 63.15 | 26.51 | 859 | 53, | 2+} 24 giz 149 ix 38; | 194 ver 1: 71 (3473 116 
| 
44.5 70 8 25 | 55 | 25 | 55 | a3 5 | 1335 | 73 19.18 | 3017 | 11.85 | 3.45] 440] 2.37] 108| 237] 5.60] 42.46 | SAT by | as | 25 | 3— | ae 135 ho 7 | wa 1: 196 474.69 116 
40 62,5 a“ | 8 0 5 5) 13.5 | 905 146.5 68 | 11.81) 16.88 26.37 10.13 3.38 | 3,80] 211] 1.27) 2.11 | 5.70 38.19 | 61.81 | 28.69 82 | 54 12 | 14 14 | 14 34 1733 | ae 1: 1,63 43471 iu 
M1 62 22.5 75 6.5 5 2 4.5 13 90.5 149.5 69.5 11,88] 17,08 25.83 | 9.38 3.13 | 2.71 | 2,08 0,83 | 1,88 | 5.42 37.71 62.29 | 28.96 5 a4 at 4°; 135 210 lrg x | 185 oA. 1: 1.05 434-71 4 
4.5 68 25 7 05 | 55] 2 35 | 14 15 | 146 71.5 11.20] 1847 | 8822 | 10.37 | 2.90 | 3.04] 2.28) 0.83] 145 | 581] 39.42 | 60.58 | 20.67 | Att | eee|| ait 1p as lis ae [aT | Bits 1 {44-74 118 
44.5 | 63 2» | 8 95 | 55 | 2 j 135} 925 | 7A | 12.04] 1816 | 25.71 816 | 327) 3.88] 224 | 0.82 | 204 } 37.76 | 62.24 | 30.20 | 855 | 5p | 22 | 236 150 ti Fe 1: 1.05 15 4+78 117 
41 65 25 7 85] 5 2 5 13 y2 154 68 | | 10.98] 16,67 10.16 | 2.86} 3.46 2.03 | 0.81 | 2.03 37.40 | 62.60 | 27.64 | 94 | 52 | 2+] 24 | 32 144 ou 38 rt 1: 1.67 434-74 117 
42 65 245 | 7 9 7 2 5 13 93 | 154 70 laa sal 17.00 26,92 9,92 | 2.83] 3.64] 2.02 | 0.81 | 2,02} 5.26] 37.65 62.35 28.34 52 | 2+ 31. 14 it 4 ru) 1; 1.06 434-73 116 
44.5 65 21.5 | 8 5.5 2 5 13 95 TA5 12,15] 18.02 26,32 | 8.70 | 2.83] 3,24] 2.26 | 0,81] 2.02 38.46 B0,17 | 82 | 5 a4 br its? a4 15 42 | 1. Fev 1: 1.60 ASTA 7 
aL 65 26 7 i} 5 2.5 4 12.5] 93.5 154 69.5 16,57 16,26 | 10.51 | 2.83] 3.64] 2.02] 1.01 | 1.62} 5.05 ] 28.08 | 822] 5 2 12 | 34 125 ais ie 43; | 19-4 By 1: 1.65 AS 4-72 115 
49 69 22 6 10 1,5 4 13 96.5 151.5 76.5 11100| 19.76 | 27.82 887 | 242] 4.00] 1.81] 0.60] 16: 38,91 | 61.00 30.85 | 9% | 64 3 az | 24 lag gis 1+ 475 | 19% 1; 1,57 444-70 14 
46 66 7.5 | 10 5 a5 | 5 12 96 154.5 | 76 11.08] 18,36 | 2635 | 8,78 | 2.99] 3.99] 2.00] 1.00] 2.00] 479] 3832 | 6168 | 30.34 | 8% | 6 2 a—} 3—| 1 25 nn 4— | 207 | Side 1: 161 45+78 117 
43 66 25 15] 9 55 | 2 45 | 14 975 | 1535 | 745 1255| 1713 2.99 | 359| 219 | oso} 1.79] 558] 38.84 | 6126 5, | 22] 24 lig ayy Vy ae ere 1: 1.57 d4479 117 
45.5 07 24.5 0.5 5 2.5 4.5 13 06 155 745 11.55) 1813 2.99 | 3.79 | 1.99] 1.00} 1.79 | 5.18 61.75 5+ 1+ as 154 Te Bue | 104 ahs 1: 161 44471 115 
46.5 67 8.5 | 10 6 25 5.5 13.5] 985 1248) 1842 9.31 3.37 | 3.96] 2.38] 0.99] 218] 5.35] 39,01 60.99 40 89 142 a8; te) 3H | 1s} 1: 1.56 44470 114 
42 66.5 10 55 | 2 45 | 14 96.5 72 11.86] 16.60 | 26.28 | 10.28 | 296] 3.95} 217 | 0.79 | 1.78] 5.53 61.86 | 2846 ete 14% 4 183; | 33% 1; 1.62 44-73 116 
47 665 | 215] 85] 8 6 2 5 uu 96.5 | 1565 | 77 , |1186] 1858 | 2628 | 850 | 3.96] 316] 2.37] 099] 1.98] 553] 3814 | 6186 | 30.43 32 | 1 Li 183, | 377 1; 102 46 +72 7 
45.5 | 69 5.5 | 75] 05 | 55] 2 5.5 | 13 a8 158 74.5 | . | 11.33] 17.77 | 2695 | 9,96 | 2.93] 3.71 | 215] 0.78} 2.15 | 5.08 61.72 | 29.10 134 25 Vn 193% 1; 1.01 48476 ais 
aT 68 22 7 |10 5 2 55 | 15 99.5 735 | ,, | 1230) 18.36 359 | 2.73| 3.01 | 1.95] 078] 215) 5.86] 3887) 61.13 | 3066 | 8% | 63 | at | 22 | 33] 1% 233 133 i> | Wis 1: 1.57 484-78 m5 
| | | | | 
E.=Total length, taken from the tip of the upper jaw to tho tip of the caudal fin; H =length of the head, taken from the tip of the upper jaw to the upper e sf the gill-opening; G.0.=gill-opening; D.=origin of the dorsal fin; V.=vent; M.=cloft of the mouth, taken from the extremity of the upper 


to the angle of tho mouth; P.=length of the pectoral fin; S.= tip of theZcaudal_fin 


length of the snout; E.=dinmeter of the eye; I.=interorbital space; b.=height of the body in front of the anus; Sit =tip of the snout; Of 
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Note on a Gigantic Squid obtained from the 
Stomach of a Sperm Whale. 
BY 


C. Ishikawa and YoOjird Wakiya. 


With Plates XLIII & XLIV. 


The description of a gigantic squid here given is made from a specimen 
in the Fishery station at a small village called Samé belonging to the Pre- 
fecture of Aomori, and brought from the station by C. IsHrKawa, who on 
his visit there in 1912 found the specimen in a tin box filled with very 
weak formalin. To the director of the station, Mr. Korvyat, as well as to 
the Ex-Governor of Aomori Prefecture, Dr. C. Takepa, the authors tender 
their best thanks for their kindness in lending the valuable specimen. 

The squid is said to have been found in the stomach of a sperm 
whale caught in the open sea off the south of the strait of Tugaru during 
the month of August, 1911. As might be expected, the specimen is not 
a complete one, having been partly digested. The body was torn into 
three pieces, consisting of head, mantle, and fin; in all these parts 
the epidermis is wanting and no traces of the pen, the masticating 
organs, the eyes, or of the internal organs were to be seen. In _ the 
following pages a description is given of the parts as far as it was possible, 
and by comparing this with the descriptions of similar specimens hitherto 
given by different authors,* the systematic position of the specimen is 
established. 

Mantle:—The mantle is torn into two pieces, an anterior larger and 


a posterior smaller portion. The larger portion measures 920mm in 


* Such as Dall, Verrill, and Thompson. 
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length ; its anterior half is nearly complete, but in the posterior half only 
the ventral and the left portions remain, while the rest is lost altogether. 
The foldings of the dermis of the mantle are directed more or less obliquely and 
transversally, and there is a distinct furrow along the mid-dorsal line of the 
mantle, which, however, appears to have no direct connection with the 
development of the pen. The mantle cartilages are simple, represented 
by longitudinal ridges of about 175 mm, fading out gradually and _poster- 
iorly. 

The exact length of the mantle can not be made out, but by connecting 
two pieces by the cut edges which fit tolerably well to each other, we estimated 
it to be about 1220 mm. . 7 

The measurements of the circumference of the mantle at different levels 


of the anterior larger piece are as follows :— 


At the anterior edge of the mantle...................... 500 mm. 
At a point 60mm from the mantle edge............ 460 mm. 
shen Deel tae el OOTY yeas 7 % Ia aot ak ee 440 mm. 
Sram yO) 0 iirhniie mee 3 é: oe a ee 490 mim. 
a ep as OOemm 29s. fa 55 a eee 510 mm. 
jy te) pp eeOD mm, ! + 5, a Fe Bs indyrs nt BE sera 520 mm. 
op See DOOanm: we; 3 5 Bi et Pea i: 504 mm. 
5) ye SOOO nim. f ‘. pal Se wieutuyase ste 504 mm. 
{yey le pp ODI We... a mi idee. deere 440 mm. 
goth jp ts, OU EMAC & - a! eae ee. 360 mm. 
oagp. by 900mm. Eo %, - Farce pehass feis 160 mm. 


The posterior smaller piece of the mantle measures 290 mm in length, 
with a diameter of 35 mm at its anterior end. 

From these measurements it will be seen that the general shape of 
the mantle is evenly conical with the anterior edge somewhat expanded : 
bulging out a little posteriorly, the greatest breadth being at about 1/3 of 
the length of the mantle from the anterior edge, gradually becoming nar- 
rower till about 3/4, whence it suddenly arrows to the posterior end. 

fins :—The fins taken together are trapezoidal, the posterior third 
markedly narrowed and sharply produced. he greatest length of the fin 


measures 640 mm, the lines attached to the mantle being 610mm. The 
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greatest breadth across the lateral angles measures 460 mm. The fins appear 
not to be quite symmetrical on both sides, the greatest breadth of the left 
fin lying a little in front of the right. 

Head :—The dorsal skin of the head presents a dark violet color. 
The eye-balls, the buccal apparatus, and cranial cartilages being worn 
off, we can not give any descriptions of these important parts, except the 
following points. These are the anterior circular margin of the neck, which 
in the middle line is produced backward in form of a blunt triangle; the 
extent of the sinus of the right eye-lid, which ends directly at the base of 
the third arm; the presence of three longitudinal foldings along the neck, 
and the absence of the foldings of the nape. 

Siphon :—The siphon is conical in shape. It has a large internal 
valve near its entrance which is overlapped by the dorsal edge of the 
siphon. The length of the siphon in the mid-ventral line measures 92 mm, 
the side taken from the opening to the basal angle measures 160 mm. 
The shape of the siphonal cartilage is ovate, with its anterior end pointed. 
Its length is 105 mm and it is about half as long as the mantle cartilage. 

Arms :—As the epidermis is torn off, the swimming webs and the 
protecting membranes can not be recognized. Only along the outer side 
of the right third arm the trace of the keel of the web can be observed. 
From a few remaining suckers on the arms we conclude that these are 
arranged in two rows. These suckers are semi-spherical in shape, and with 
slender pedicels. Nothing definite can be said of the number, the size 
and the structure of the horny rings, since in most of them even the 
traces of the pedicels can not be discerned. But as all the arms are pre- 


served to their tips, the following measurements of their lengths are taken: 


tight arms. Left arms. 
I J ACLU ee a ee a2 eee 450 mm. 
if CHARMING ioc oe oe ws ue EP Ce es 580 mm. 
III GPLOPEMMU Se Aosta tPes. ciate oe tice eves. 650 mm. 
IV JOU sve eee ep led Bee ere eer ee ee 740 mm. 


Tentacles :—As the tentacles are relatively better preserved than other 
parts of the animal, excepting that the epidermis is worn off, a descrip- 


tion of their more important structures can be given. Their entire length 
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is 1460 mm left, and 1420 mm right respectively, of which the club on 
the left measures 230mm, and on the right 205 mm, i.e. about 1/6 on 
the left and 1/7 on the right. The section of the stalks is rectangular, 


their breadth and depth are as follows :— 


Left tentacle. Right tentacle. 
Breadth. Depth. Breadth. Depth. 
Atiathe sbage: tx ncnnae 35mm. 20 mm. o¢mm. 15mm. 
At the middle portion 22mm. 12 mm. 23mm. 10mm. 


The oral side of the club is flattened, with traces of the protecting 
membranes on both sides. A trace of web running along the ridge is to 
be observed on its outer side. 

The pads and suckers on the carpal portion are arranged in an oyal 
area of 26mm in length and 15 mm in breadth, on both tentacles. 
No trace of a membrane is to be seen surrounding the area. The pads 
and suckers are arranged in six oblique rows beginning with the ventral 
ones and ending with the dorsal. These have the same arrangement on the 
right and on the left, alternating with each other as follows :— 

The relative positions of pads (P) and suckers (S) as observed from 


ventral ones obliquely dorsalwards :-— 


Left. Right. 
Pas eee: , Sask» ©: 
Sis cS Peek: 
PP eae: SpSaSus. 
Sue: uct P. P.P. P. 
PS Pe: S Da Gaaas 
Sra mass Pic: 


Moreover, there is an extra pad dorsal to the fifth, and an extra sucker 
dorsal to the sixth oblique row on the left, and on the right an extra pad 
between the pad and the sucker on the top of the sixth row. Highteen 
pairs of hooks are counted on the hand portion. These are arranged in 
two rows, but only the seventh which is 9 mm long, and the eighth which 
is 10 mm long, remain on the left tentacle; and on the right the sixteenth 
which is 10mm long, and the eleventh which is 8 mm long. These 


remaining hooks and the traces of lost ones show, that the hooks of the 
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ventral row are larger than those of the dorsal, and that the eighth, the 
ninth, and the tenth hooks are the largest in the same row, while their 
sizes diminish gradually from the seventh proximally, but suddenly from 
the eleventh distally. 

The distal portion of the club is flattened from side to side and 
assumes a spatula-like shape. This portion is 4mm long, and 3 mm wide 
at the tip, and 2.5 mm wide at the base. It appears that the inner surface 
of this portion is beset with suckers, of which nine pedicels remain to be 


recognized. 


From the above, imperfect as they are, we can formulate the following 


characters which are common to the present form, and the similar animals 


described by Datt-VERRILL and THOMPSON: 

1. The eye-lid has a distinct sinus placed subventrally. In DALL’s 
figure the sinus is placed in the line passing through the middle of the 
eye, which is most probably to be taken as an error in his sketch. 

2. The suckers on the sessile arms are arranged in two rows. 

3. The tentacular club consists of a carpal portion with a group of 
pads and suckers arranged elliptically, a hand portion with two rows of 
hooks, and a distal portion with small suckers. 

4. No nape fold, but with three pairs of folds on the throat. 

5. The mantle cartilage is a linear ridge and is twice as long as the 
siphonal cartilage. 

6. The under-skin of the mantle shows the plastered structure. 

7. There is a distinct groove on the mid-dorsal line of the mantle. 

All these characters combined show without doubt that the present 
form belongs to the genus Moroteuthis in the family Onchoteuthidae. Of this 
genus only two species have so far been known, JL robusta (DALL) and J. 
ingens (E. A. SuirH). That it is not IL ingens can be seen from the size of 
the animal as well as from the shape of the mantle and the fins. Of JL robusta, 
we know that only four specimens have up till now been examined, Three 
of these were discovered by D. H. Dati near Iliuliuk, Uralaska Island, 
off the coast of Alaska on the 26th of April and 8th of May, 1872. Datn 
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made sketches and measurements of the specimens; these were described 
by D. E. Vernritt under the name of Ommastrephes robustus in 1876. The 
fourth specimen, also obtained from the same locality, is described by 
D’Arcuy THompson by the name of Ancistroteuthis robusta (DAL). 

The large size of the animal, the general shape of the mantle and the 
fins, and the locality where the four specimens were obtained, lead us to 
think, that our specimen is identical with J/. vobusta. As, however, all 
the specimens obtained from Unalaska were found on the beach, and more 
or less decomposed and broken, it is very difficult to identify our form which, 
as stated above, is also in very poor condition, with those described by 
the above authors. The following comparison between the four specimens 
and ours will perhaps help us to form a judgement about their specific 
identification :— 


1. The length of the animals: 


DALL’S specimen... ... INGOs | Soeeetee te. ee Bae f 1168 mm’. 
ss LOS Rs ING: etl cel Se. heeweeaen... 1550 mm. 
= Sy Gat x ING. Shes eid cnkeeeee 2324 mm. 
THOMPSON’ SUS PeClIMEN.s, cas; .Ae.e TNs: eee anes eee 1578 mm’. 
Our specimen .)./0.5/ ei. de ceeeeepen raed. . Cheeni 1220 mm’. 


2. The length of the mantle and the attachment of the fin to the 


same :— 
Soty Length of the attach- 
megamtte Neath gee RE edo 
30 tae ate that of the mantle: 
Datu’s specimen No. 1...... 1168 mm ? ? 
. = Nos 2:5 :ee. 1550 mm S57 mm 5d % 
3 ” No. 3...... 2024 mm 1219 mm 52 % 
'THOMPSON’S specimen...... 1575 mm 863 mm 55 % 
Our Specimensis; jncr.cct--s 1220 mm? 610 mm 50 % 


3. The form of the fin in the present specimen lies somewhat 
between that sketched by Datu (Figs. 1 and 2, Plate XXIII) and that 


described by THompson, but much nearer to the latter. The broadest portion 


1. The figures given by Dari and THompson in inches are estimated in millimetres. 


2. Approximately, as stated above. 
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of the fins described by THompson and that of our specimen lies far more 
forwards than in that sketched by Dati. Whether this latter is the exact 
copy of the specimen is perhaps doubtful, and may probably be consi- 
dered as an error, just as with the position of the sinus of the eye-lid 
as above stated. 

4. From the descriptions and sketches given by Dati, VERRILL and 
TxHomrsoy, the shape of the mantle of the four specimens coincides in general 
with that of our specimen, slight differences in the proportional length and 
the breadth are to be accounted for partly as individual variations, and 
partly by the condition of the animals at the time of observation. 

5. The armature of the tentacular club. In DaAtw’s specimens the 
tentacular clubs were wanting, but THompson gives a good figure and a 
detailed description of the right club, from which we can conclude that 
the present specimen has the same structure as that of THompson’s. An 
interesting point about them is that the arrangement of the connective 
organs in the carpal portion of the right tentacle in THOMPsON’S specimen 
exactly corresponds with that of the left club of our specimen, except that 
in the second oblique row there is one sucker less in his specimen than in 
ours. The arrangements of the connecting organs in his specimen and in 


ours can be compared thus :— 


THOMPSON’s specimen. Our specimen. 
Right club. Right club. Left club. 
i ee B. ; SPs: PP. Sa 
Seo. So. Re Gaeks Ss. & & 
12s Sr eee Se ies. hay hes PoP eee 
5. 9. 8: | Sl ca ae ae S. 5.5.5. 
|e Se So ae ee | See A 
Sab. 1: Py. Ss BP hfs peat fee 


This reversion of right and left between our specimen and that of 
THoMPSON’s is perhaps better to be accounted for as individual variations 
than as a specific distinction between the two specimens. 

6. The question of the locality. That there is a close similarity in 
the marine fauna of the coast of Unalaska and of the Pacific coast near 


the Tugaru strait, can be conjectured by the relative position of the two 
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localities; among many animals and plants common in these waters we 
can cite for instance the gigantic octopod, Polypus punctatus. 

All these points taken together make us believe that the present form 
is synonymous with Joroteuthis robusta observed and described by Dat, 
VERRILL and THompson. In this case it forms the fifth example of this 


interesting species of Oegopsida hitherto described. 
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EXPLANATION OF PLATES. 


PLATE XLII. 
Moroteuthis robusta. 


All Figures reduced to about $ nat. size. A meter scale is given on the left side 
of the plate. 

Fig. 1. Right tentacle and the tip of the left. 

Fig. 2. Dorsal view of the mantle with siphon projecting out of the mantle orifice. 
A median furrow is plainly seen on the anterior portion. 

Fig. 3. Dorsal view of the head with arms. 


Fig. 4. Dorsal view of the fins. 
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PLATE XLIV. 
Moroteuthis robusta. 


In this plate the Figure 7 is a photographic reproduction, all the others drawn from 
nature by Mr. K. Yokoyama. 

Fig. 5. Ventral view of the siphon laid open; the valve, and a trace of the attach- 
ment of the central siphonal organ are seen. } nat. size. 

Fig. 6. Siphonal cartilage. 4 nat. size. 

Fig. 7. <A piece of the dermis taken from the anterior portion of the mantle on the 
left side. Nearly natural size. 

Fig. 8. Left tentacle showing fixing apparatus’ and hooks. % natural size. 

Fig. 8. a. Terminal flattened area of the tentacle showing nine pedicels of suckers. 
Magnified about 3 diameters. 

Fig. 9. A small portion of the right tentacle, showing the fixing apparatus and five 


pedicels of the proximal suckers. 3 nat. size. 
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Jour. Coll. Agric. Vol. IV. 4" Plate XLI/I/I. 


1 Meter. 


Photographed by Mr. Fuleuhara. 
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Plate XLI/V. 


Fig. 7 photographed by Mr. Fukuhara, Figures 5, 6, 8 and 9. 
drawn by Mr. K. Yokoyama from nature. 


On a New Species of Moroteuthis from the 


Bay of Sagami, M. Loénnbergii. 
BY 


C. Ishikawa and Y. Wakiya. 
With Plates XLV and XLVI. 


The mantle is, roughly speaking, an elongated retort ; somewhat narrow 
and cylindrical at the entrance, bulging out gradually from about one- 
fourth to one-third from the orifice, the broadest part lying at about the 
anterior one-third. From this point it first gradually narrows till about 
the anterior edge of the attachment of the fins, whence posteriorly it 
tapers rather suddenly, the posterior one-fourth forming nearly a straight 
tube. It is also cylindrical near its orifice, becoming flattened posteriorly. 

The anterior edge of the mantle shows a conical projection on the 
mid-dorsal line, flanking on both sides with a slight concavity to the 
lateral angular projections. The ventral edge of the mantle is rather 
deeply concave, the perpendicular of the deepest median portion of the 
concavity being nearly one-fourth the distance between the angular pro- 
jections. 

The actual lengths and the circumferences of the mantle of five speci- 


mens measured are as follows :— 


No. of Specimens. No. 1. No. 2. No. 3. No. 4. No. 5. 
Length of the mantle ........... 192mm. 147mm. 183mm. 185mm. 275mm. 
Circumference at its orifice.... 125mm. 105mm. 115mm. 115mm. 165mm. 


Circumference at the Fel 
extremity of the attach-- S?7mm. 72mm. 90mm. 87mm. 130mm. 
mone Of the fin?.............. 
The surface of the mantle and the head as well as the aboral surface 


of the basal portion of the arms show the warty appearance characteristic 
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of the genus. On the mantle this appearance is caused by longitudinal eleva- 
tions of the dermis, which are about 0.3-0.8 mm in diameter, and anastomos- 
ing one another by branches placed obliquely, leaving elongated depress- 
ions. These depressions are, for the most part, nearly of the same diameter 
as the elevations between them, but sometimes broader. The structure of 
the dermis on the head differs in this that the elevations are in form of 
semi-spheres of about 0.5—0.6mm in diameter placed close together, giving 
an appearance like that of shagreen. 

It is to be remarked, however, that these elevations and depressions 
differ considerably according to the state of preservation of the animals. 
‘hus in one specimen the elevations on the mantle are more or less in 
the shape of polygons, giving the appearance of a reticulated structure, 
while in others, the elevations seem to be contracted into numerous semi- 
spherical nodules, which give to the surface an appearance like that we 
find on the head. 

The fins are of an elongated rhomboidal shape, the anterior end of 
each forming a free rounded lobe and inserted a little on the side of the 
median line: the inner posterior angle of the lobe is turned slightly median- 
wards. The distance between the lobes equals about two-fifths of 
the mantle diameter at the corresponding place. The length of the fin 
is a little longer than half the length of the mantle. The greatest breadth 
across the lateral angles is a little less than its length taken from the 
base of the anterior lobe to its extremity. The lateral angles are broadly 
rounded, and lie in a line at about one-fifth of the length of the fin. The 
antero-lateral margin is slightly convex, the postero-lateral also convex, 
but with a slight concavity along the middle portion, becoming conyex again 
posteriorly, and ends on the dorso-lateral side of the mantle a little in front 
of its extremity. 


The actual measurements of the fins in the five specimens are as follows :— 


No. of Specimens. INfoy, Ie INOs2s No. 3. No. 4. No. 5 
Mantle length...................... 192mm. 147mm, 188mm. 185mm. 275mm. 


Length of the fin.................. 105mm. 81mm. 100mm. 97mm. 149mm. 
Length of the fin in % of the x 
‘ ON} 549 559G BAO BENE BANS 


mantle leneth 
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No. of Specimens. No. 1. No. 2. No, 3. No. 4. No. 5. 
Length of the line of attach- . 
omm. 73mm. 92mm. 88mm. 1-4 
MINEO BNO fT. 5. os occ ne cae i! 


Breadth of the fin across the ; 
98mm. S3mm. 100mm. 97mm. 132mm. 


lateral angles............ 7 ee 
Breadth of the fin in % of the 

mantle length................... 
Distance from the aera 


49% 5d % 5495 52% 48 % 


end of the fin to the line} 68mm. 56mm. 63mm. 70mm. 106mm. 


across the lateral eee) | 

The siphonal groove is large and tolerably deep, with a distinct ridge along 
its side, which posteriorly becomes confluent with the ventral longitudinal 
fold of the neck. Anteriorly the edge of the groove becomes continuous 
with the general ventral surface of the head, each anterior end of the 
groove being represented by a rounded depression separated by a flattened 
ridge, the surface of which being continuous with the general ventral sur- 
face of the head. This ridge soon bifurcates with a rounded angle, and 
runs posteriorly on each side parallel with the lateral margins of the 
groove as a narrow ridge to the base of the groove. The siphon is rather 
broad, narrow anteriorly, with a large transverse orifice ; the siphonal organ 
is large and conspicuous, the median unpaired piece is of an arrow-head 
shape, the posterior end of the arms extending out of the postero-ventral 
margin of the siphon; the lateral pieces are long-ovate, its anterior portion 
slightly broader than its posterior, and its diameter a little less than its 
length. 

The siphonal cartilage is somewhat broader posteriorly, the inner margin 
nearly straight, while the outer margin bulges out slightly near the anterior 
third, then showing a slight and gradual curvature, again bulging out at 
the posterior end. The diameter near the posterior end equals a little less 
than one-third of the length, and about three-fourths of the diameter near 
the anterior end. The groove is broad and shallow, and of a similar shape 
to that of the cartilage itself; its inner edge deepens rather abruptly, 
becoming gradually shallow outward. The mantle is represented by a 
long linear ridge, fading out posteriorly ; its length is nearly one and one 


half that of the siphonal cartilage. 
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The actual measurements of the siphon in our specimens Nos. 1 and 2 


are as follows :— 


No. of Specimens. 


Mantle length, No. 1. No. 2. 
Length of the siphon along the 
; } 38 mm. 37.0 mm. 
Sid@yisins gt Bee sence a en eee 
Length in mid-ventral line....... 23 mm. 22.5 min. 
Length of the siphonal cartilage. 24mm. 23.0 mm. 


The head is rather short, narrower than the mantle orifice; the dorsal 
surface is slightly convex, the ventral surface is less so, the median line 
of the latter more or less flattened. The dorso-ventral diameter of the 
head nearly equals the diameter between the upper margin of the eyes, 
which is greater than the length. The orifice of the eye not very large, a 
deep sinus near the base of the lid. The buccal membrane with seven 
points, seven fastenings and six pores; the inner surface with longitudinal 


folds. 
The actual measurements of the head of the five specimens are as 


follows :— 
No. of Specimens, Nori: No. 2. No. 3. No. 4. No.. 5, 
Length, dorsal surface....... 29mm. 24mm. 25mm. 25mm. 30mm. 


Length, ventral surface..... 17mm. ilmm. 14mm. 13mm. 17mm. 
Breadth between the eyes... 82mm. 27mm. 30mm. 30mm. 37mm. 


inckness.: isc, 5 Basen eee 34mm, 27mm. 31mm. 31mm. 38 mm, 


The posterior margin of the head is produced posteriorly in form of a 
broad triangular process in the median line, whence laterally it runs more 
‘or less in a wavy line till to the anterior end of the third longitudinal 
fold of the neck, which is situated in a line passing through the middle 
of the eye lid. The continuation of this marginal line also shows a wavy 
outline, the anterior ends of the first, the second and the third longitudinal 
folds of the neck lying at the bottom of the waves, if the head of the 
animal is placed away from the observer. The entire margin, though very 
distinct, specially by the difference in colour between the head and the 
neck, dcez not show any well defined ridge which fades away near the base 


of the first longitudinal fold. This fold which is as said before, continuous 
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with the edge of the siphonal groove, forms an obtuse, more or less round- 
ed angle with it. It is a membranous piece and runs obliquely cando- 
dorsalward ; its antero-inferior portion is rather high, gradually becoming 
low and insignificant, and ends near the median portion of the second fold. 
This fold begins with a slight notch from the posterior margin of the head, 
in the line passing through the dorsal base of the fourth arm, ie. a little 
ventral to the level of the lower eye-lid. It is larger than the first, but 
runs nearly in the same direction with it; its posterior margin is rounded, 
but not quite uniform, being interrupted by an olfactory lobe. The third 
fold begins in the line passing through the middle of the eye-lid, a little 
above the sinus, where the margin of the head makes an angular projec- 
tion caudalwards with which the fold joins the same. It is the largest of 
the three, having a similar shape to that of the second. The line of attach- 
ment of the fold on the side of the neck differs, however, a little from that 
of the second. While, for the ventral half, it runs obliquely dorsalward, its 
postero-dorsal half runs transversally to the neck, with the dorsal end 
more or less curved anteriorly. The dorsal end of the third fold lies in 
a line somewhat ventral to the line between the first and the second 
arms. The postericr half of the fold then gives the appearance of being a part 
of the posterior circular fold of the neck. No fold can be seen on the nape. 

The arms are subequal in length, the first is the shortest, then comes 
the third, while the second and the fourth are sometimes of the same and 
sometimes of different lengths, but are always longer than the third. The 


actual measurements of the arms of our specimens are as follows :— 


No. of Specimens. No. 1. No. 2. No. 3. No. 4?. No. 5. 
Length of the mantle........ ... 192mm. 147mm. 183mm. 185mm. 275mm. 
left 125mm. 111’mm. 122mm. 102mm. 145mm. 
Speen the Ist a 120mm. 95'mm. 125mm. 102mm. 135mm. 
left 112'mm. 136mm. 143mm. 128mm. 185mm. 
peer onthe 2nd am 139mm. 131mm. 120'mm. 125mm. 175mm. 


1 Tip of the arm is lost. 


2 The arms of the specimen No. 4 are strongly contracted owing to the condition of pre- 


servation. 
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No. of Specimens. Nose No. 2. No, 3. No. 4. No. 5. 
left 132mm. 120mm. 107'mm. 120mm. 170mm. 
right 132mm. 113mm. 76'mm. 123mm. 160mm. 
left 140mm. 13lmm. 141mm. 126mm. 196mm. 
Scene tes Y 138mm. 122mm. 143mm. 125mm. 180mm. 


Length of the 3rd arm.-] 


The arms are all rather stout, but their distal portion attenuates 
toward the tip. The first arm shows a low membrane running along the 
outer margin of the basal portion; it is very distinct at its base where it 
is continuous with a less developed one on the inner margin of the second 
arm, and can be traced till about the middle of the length of the arm. A 
similar membrane is seen on the second arm. It is more developed than 
that of the first, and can be traced to the tip of the arm, the basal por- 
tion of it forming a web between the second and the third arms. The 
membrane of the third arm is as usual the largest. It begins a little way 
from the base of the arm slightly ventral (in the body of the animal) to 
the above stated web which is continuous from the basal portion of the 
membrane of the second arm, becoming gradually higher till about 
one-third from the base of the arm, where it is nearly one and a half times 
as high as the thickness of the arm at the corresponding point. From 
this point distally it again becomes lower, and can be traced to the extreme 
tip of the arm. The fourth arm has a well developed membrane on the 
outer margin along the entire length. At the base it is continuous with 
the web extending from the outer ventral base of the third arm, and is at 
its basal portion a little lower than the thickness of the arm. The pro- 
tecting membranes -are similarly developed on all the arms. These are 
thin membranes nearly equal in height to the entire length of the sucker 
of the corresponding part and supported by a series of fleshy transverse 
bands or ridges standing rather obliquely outward from the base of each 
sucker. These ridges being a little higher than the membrane between 
them, give a scalloped outline to the margin of the membrane. The suckers 
on the arms are arranged in two alternating rows. In all the arms the 
last sucker is the smallest and begins nearly at the same distance from 
the base; the following suckers become gradually larger, those of the 6th— 


11th being generally the largest, whence they get again smaller as we 
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proceed toward the tip of the arm. On the proximal portion the suckers 
are globular in shape with shorter pedicels, and more widely set, while 
distally they become more crowded, each sucker somewhat more shallow 
and with longer and more slender pedicel. The chitinous ring without 
dentition, the margin standing out like a collar, with very fine denticula- 


tion. 


The suckers on the arms of one of our specimens (No. 1) are counted 


as follows :— 
Left Right 
Ist arm 46 40 
2nd arm 19° 57 
ord arm 51 50 
4th arm 56 Bo) 


The tentacles are longer than the mantle, their proportional lengths 
being as follows :— 


No. of Specimens. No: ds No. 2. Novis: No. 4. No. 5. 
Left tentacle............... 112 mm. 145 mm. 153 mm. 191 mm. 325 mm. 
Right tentacle............. 100mm. 194mm. 177mm. 94'mm. 331 mm. 


The basal portion of the stalk of the tentacle is more or less semi- 
circular, with the flattened dorsal and the rounded ventral surfaces. Dist- 
ally the inner side of this rounded surface becomes flattened, and the 
diameter of the tentacle thus becomes more or less triangular, with the 
inner and the dorsal sides flattened and with the rounded ventral side. 
Near the carpal portion, the dorsal side also becomes somewhat rounded. 
A distinct swimming membrane along the outer margin of the stalk extend- 
ing to near the base of the distal (ventral) hook of the fourth or fifth 
row on the hand portion of the club. This membrane is not high, but 
nearly equally developed all along its length. Along the dorso-inner margin 
of the carpal portion of the club, the inner margin of the dorsal surface 
becomes raised in form of a distinct ridge, then membranous as it 
continues to the hand portion, where it ends near the fifth or sixth hook 
from the base. Another membrane is found on the ventral outer side of 


3 The tip of the arm is torn off. 


4 The right tentacle of this specimen is very much contracted. 
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the same. This membrane is nearly of the same length as the last, but 
is more developed, and begins at the ventral inner side of the distal end 
of the carpal portion, running transversally at first, and then with a broad 
curve it turns somewhat obliquely toward the ventral outer side, to end at 
about the seventh hook of the hand whence distally it can be traced 
along the base of the dorsal hooks to the end of the tentacle as a very 
low ridge. A similar but more developed membrane is seen along the base 
of the ventral hooks. 

On the dorsal side of the club, midway between the end of the swim- 
ming membrane and the above stated membrane along the dorso-inner margin 
of the distal two-thirds of the club, a third membrane is to be observed. 
It begins at about the level of the fourth row of hooks and can be traced 
to the extreme tip of the tentacle, forming the outer edge of the same 
which is here dorso-ventrally flattened. 

The fixing apparatus of the carpal portion consists of a group of pads 
and suckers, confined in an oval area, and surrounded by a_ distinct 
membrane. These, when observed from the ventral proximal one obliquely 
dorsalwards, are seen to be roughly arranged in six rows, the relative 
positions of the suckers (S) and pads (P) in the five specimens being 


arranged as follows :— 
No. of Specimens. 
The fixing apparatus. No. 1. No. 2 No. 3. No. 4 No. 5. 


ope cei Rams steno Pos. Ee. ele S. 2. 
P,P. PP. 8.8.8. S.SaSes.  PUPSPs) sone 
Right. J S.S: 8.8, PP. PL PPPs. Sis. ©. ee 
POPP Sos ee iss P:P.P. S535 
Ss PSe esonee S.P-S. Posnes 


Total number of S&P S8S8P 8S7P (heme og 7S 8P 88 7P 
PS). <euies eee alone: Sale: BAS: 
S.S:.S:. 2. BaP.. 2 PoP. 1S) Sasi beeen 
Left.. <P. P.P..P..S. 8: 8:88. 8.8.8: Bo PsP? Saspane 
S.S.8:5 .PaPsP.. »jPsSoPs 1849. S26 race 
\ IPS a): P.SuP.. .S Bae 


Total number of S&P 8S8P 7S 7P 8S 7P. 8S 7P 7S 8P 
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It will be remarked in this counting, that in the most distal row the 
median one (pad or sucker) is always situated further distally than the 
outer two, the three elements here forming a triangle. 

The hand portion is armed with thirteen pairs of hooks placed obli- 
quely on the inner surface of the tentacles, the distal half of this portion 
facing gradually towards the dorsal side. The first hook begins either 
with a ventral or with a dorsal one, and either directly distal cr some- 
what further away from the fixing apparatus. The hooks are of variable 
size; the smaller ones have relatively broader bases than the larger, the 
recurved portion is also longer relatively than the not curved stalk. The 
first sucker, when a dorsal one, is the smallest, but when it is a ventral 
one, it is either a little smaller or nearly equal to that of the second in the 
dorsal row. Of the following pairs those of the ventral row are always 
larger than the dorsal. ‘The ventral suckers gradually increase in size 
from the first to the sixth, the seventh, and the eighth, whence distally they 
become smaller again. Of the dorsal row the hooks become larger till the 
fourth, the fifth and the sixth, becoming smaller again distally. The dif- 
ference between the largest and smallest teeth is much greater in those of 
the ventral tian in those of the dorsal row, and while the teeth of both the 
rows are nearly of equal size at both the extreme ends of the hand, the 
largest ventral tooth measures about one-half as long as that of the dorsal. 
The teeth of the ventral row at both the ends also differ in shape, inas- 
much as those near the proximal end have broader bases than those 
placed near the distal end. 

At the extreme end of the tentacle, beyond the hooks, there is an 
area with a group of ten to thirteen suckers. These suckers are not of 
equal size, some having about twice the diameter of the others, and are 
arranged roughly in four or five oblique rows in the dorso-yentral direction. 

The pen is strongly chitinous ; and has almost no free rhachis. The 
ventral surface of the rhachis is hollowed out in the shape of a semicircle ; 
its median portion is represented by a narrow colorless line, while the two 
margins are thickened and deeply colored. These margins first diverge 
very slowly till about one-half from the anterior end of the entire length 


rT’ 
of the pen, whence they converge gradually to the tubular cone. The 
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marginal area begins close to the anterior end of the pen, and spreads 
out horizontally on both sides of the rhachis for the anterior thirds, then 
it begins to curve downward, the curvature gradually increasing posteriorly. 
The breadth of the marginal area gradually increases till about the middle 
of the pen. Posteriorly it decreases gradually till it reaches the cone. 
As, howeyer, the marginal area curves ventralward the broadert portion of 
the pen appears to lie at about the middle of its length, when it is 
viewed either from the dorsal or from the ventral side. ‘The anterior 
end of the marginal area is nearly uniformly colored, posteriorly it 
shows a number of deep brown-colored striations running outward and 
downward. Along the margins of the posterior half of the pen, these 
striations become, so to speak, collected together and form a strong rod- 
like rib on each side. The two ribs approach each other and unite to form 
the posterior lip of the spoon. The posterior end of the rhachis begins to 
bend toward the ventral side at the dorsal end of the cone, where it unites 
the above mentioned lateral ribs of the marginal area. The terminal 
cone is not cylindrical, but is triangular with a narrower dorsal, and broader 
lateral surfaces. The dorsal surface, which forms the base of the triangle, 
is not of an equal breadth, but is narrowed both anteriorly and posteriorly. 
At the anterior end, which is narrower than the posterior, it is continuous 
with the median posterior end of the rhachis which here becomes 
broader, the lateral chitinous portions of which becoming, as stated above, 
united with the margins of the marginal area. The broadest part of the 
base of the triangle lies at about one-third from the anterior end. The 
sides of the triangle have also a triangular shape with a long base which is 
represented by the margin of the dorsal side and with two unequal sides, the 
one along the posterior limb of the marginal area, and the other represented 
by the ventral line. This ventral line as well as the dorsal flattened surface 
of the cone is curved dorsalwards, so that the side view of the cone looks 
like a slightly bent horn of cattle. The side of the cone is marked with 
fine striations diverging from the posterior ventral mid-lip of the spoon. 

The color of the animal is purple-brown with a yellowish pearly 
luster ; the ventral side lighter. 


Of the five animals, we obtained, one was found by C. Ishikawa on the 
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beach at Hayama, Sagami Bay, most probably thrown away by fishermen, as 
the animal is not palatable. The four others were caught by fishermen off 


Misaki Station, also Sagami Bay, at a depth of from four to five hundred fathoms. 


The peculiar plastered structure of the dermis, the relative length and 
the shape of the siphonal and the mantle cartilages, the three longitudinal 
neck folds; the ventral position of the sinus of the eye-lid; the buccal 
membrane with seven points and fastenings; six water pores; the presence 
of a membrane surrounding the fixing apparatus of the carpal portion of 
the tentacular club; arms with only two rhachial rows of hooks; and the 
structure of the gladius; all these characters combined show without doubt, 
that the above described animal belongs to the genus Moroteuthis. The 
only point which apparently does not coincide with this genus is the absence 
of the furrow on the anterior portion along the middorsal line of the mantle. 
This is apparently visible in one of the five specimens, but is lacking in 
four, so that we can safely state that this furrow does not exist in our 
forms. If we can verify this point on all other specimens of the species, 
we have to look upon its presence or absence only as specific characters. 

As well known, cnly two species are till now known of the genus 
Moroteuthis, M. robusta (DAL) Verrint, and JL. ingens. (E. A. SmirH). From 
robusts it differs in the following points: 1) The elevations of the dermis 
which in robusta run more or less obliquely and transversally to the body 
of the avimal, run in our species longitudinally. 2) The posterior end of 
the fins are produced more strongly in robusta than in our species.’ It 
will be remarked here that the shape of the fin of our specimens stands 
between those of robusta and ingens. 3) The neck-folds are directed obli- 
quely backward in robusta, whereas in our species the anterior portions are 
placed longitudinally. 4) The number of suckers on the fixing apparatus is 


fewer in our species than in robusta, there being 10-11 in the latter and 


5’ Tuompson describes the fins in his specimen as follows: ‘The broadest part of the 
fins is about twenty-seven inches from the apex, which they reach, and towards which their 
trapezoidal outline is sharply narrowed.” 1.c. p.992. This corresponds well with what we 
observed in our specimen of robusta (see our paper in this number of the Journal). ‘The different 
shape of the fins sketched by Daun and given by Vernttt in his Plate is apparently to be ascribed 
to the erroneous observation of Daun, rather than to true differences existing between them. 


456 C. ISHIKAWA AND Y. WAKIYA: 


7 or 8 in the former. 5) The number of hooks in the hand portion of the 
tentacle in robusta amounts to 18 pairs, whereas in our species only 
13 pairs are found. To these we can perhaps mention the gigantic size 
of robusta compared with the present species. 

The following points can be enumerated as differences between the 
present species and ingens: 1) The shape of the mantle of our species is 
rather slender, and is more or less evenly conical, and ereatly produced 
posteriorly ; the length of the mantle to its greatest breadth being about 
4:1. In ingens the mantle is relatively shorter, its length to breadth being 
about 3:1, and bulges out at near its posterior third, whence it narrows 
rather abruptly. 2) In ingens the elevations of the dermis on the mantle 
are angular or spherical, the interspaces between them forming a network, 
whereas in our species, as stated above, these are arranged more or less in 
longitudinal directions. 3) The posterior end of the inner margin of the 
ear-lobe at the anterior attachment of the fin is directed outward in ingens 
and inward in our species. 4) The length and the breadth of the fins in 
percentage to the length of the mantle differs in two species. These are 
49-589 and 61-719 in ingens and 52-559 and 48-559 im our species. 
5) The inner surface of the buccal membrane is beset with large villi in 
ingens, and with longitudinal foldings in our species. 6) The relative length 
of the arms, of which the third is longer than the second and the fourth 
in ingens, while in our species it is shorter. 7) The number of suckers in the 
fixing apparatus is 8-13 in ingens, and 8 or 7 in our species. 8) The number 
of suckers on the terminal area of the tentacle is stated to be 13-18 in 
ingens, Whereas in our species it is 1U-14. And lastly, there are 13-16 pairs 
of hooks on the hand portion in ingens, and 13 pairs in all our five specimens. 


These differences may be enumerated as follows :— 


MM. ingens. AM. robusta. Our species. 
1 Club-shaped Evenly conical. Retort-shaped, 
The shape of é - : 
iis Hiaitlaer=. bulging out at the bulging out at about 
posterior third. the anterior third ; 


narrowed _poster- 


iorly. 
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its breadth :— 
/ 


mantle 


‘The jength of 
| 


The structure 


| 


of the mantle: 


The shape of 


the fins :— 


The ear-lobe jof the ear-lobe 


of the fin :— 


The length of 
the fin in % to 
that of the 


mantle. 


6) 
7) 
style street. 


M. ingens. 


ote 
Plaster-like ele- 
vations on the 


mantle, spherical or 


transversally elon- 
gated.’ 
Rhomboidal ; the 


antero-lateral mar- 
gins nearly equal to 

a little shorter 
than the postero- 
lateral, the 


angles lie therefore 


lateral 


nearly in a line 
passing through the 
middle of the length 
of the fins. 

The posterior end 
of the inner margin 
is 


directed outward. 


M., robusta. 


Plaster-like 
vations on the man- 
tle, 


or less obliquely or 


ele- 


directed more 


transversally. 


Rhomboidal, with 
the posterior end 
strongly elongated ; 
antero-lateral mavr- 
gins nearly 1/2 as 
long as the postero- 
the lateral 


angles lie further on 


lateral ; 


the anterior half of 


the fins.® 


56%" 


where the elevations are elongated and run transverse to the animal. 


8) 


This is described from a single specimen we observed. 
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Our species. 


4:1. 

The elevations on 
the mantle, directed 
more or less longi- 
tudinally ; those on 
the head shagreen- 
like. 

Khomboidal, with 
the posterior end 
elongated, the ante- 
ro-lateral margins 
about 2/3 of the 
postero-lateral ; the 
lateral angles lie at 
about 1/3 of the 
anterior end of the 


length of the fins. 


The posterior end 
of the inner margin 
of the ear-lobe is 
directed toward the 
median line of the 


body. 


Roughly estimated from the figure given by Prerrer (Taf. XI). 
LénnBera describes the plaster-like structure of ingens as like the pavement of an old 
Looking at his figure (Pl. IV) there is an area on the right hand side of the mantle 


458 . C. ISHIKAWA AND Y, WAKIYA: 


M. ingens. M. robusta, Our species. 
The breadth 
of the fin in % 
61-71 9 43 %°9 48-559 
to that of the 6 - “6 
mantle. 
The anterior por-| All neck-folds| The anterior parts 
tions directed longi- | directed obliquely | directed more or less 
ae tudinally to the) backward.’ obliquely backward; 
tudinal neck- 


neck, the posterior the posterior por- 
folds :— ' ‘ 
portions somewhat tions transversally. 


obliquely. 


With longitu- 


With large villi. ? 
ith large vill dinal foldings. 


face of the bue- 
cal membrane: - 

2.3.4. nearly of| 2. 3. nearly of| 2. 4. nearly of 
equal length, of|equal length; 4. is equal length, 3. is 


The relative | hich 3. somewhat | the longest, and 1.) shorter than 2. and 


length of arms:- longer, and 1. is the | is the shortest. 4.; 1. is the shortest. 
shortest. 
The number 


of suckers on 


The inner sur- | 


: 8-15 10-11" SOP Wes 
the fixing appa- 
ratus :— 
The terminal 
group of suck- 
; 13-18 ? 10-14 


ers of the ten- 
tacle :— 


The number 


| Dorsal 13-16 
Ventral 13-15 


ot hooks on the 18 pairs” 13 pairs. 


hand portion. 


9) Estimated from the length given by THompson. . 

10) Verrint describes them as “three wavy, raised bands or frills, attached at their inner 
edge passing obliquely backward, on each side” of the neck. 

11) Jn ‘THompson’s specimen 11, and in our specimen 1. 

12) Tompson states in his description that there are “about eighteen pairs” of hooks. 


15) When there are seven suckers, there are eight pads, and vice versa. 
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_ These are enough points, we think, to consider the present form of 
Moroteuthis as a new species, which we have the honor of dedicating to 
Professor Exyar Lonnsere of Stockholm, not only for his kindness in help- 
ing the authors by sending them the uecessary literature on the subject, but 
also for liis valuable investigations on the plaster-like structure of the dermis 
in this genus. 

For the three species of Moroteuthis we venture to give a short 
diagnosis in the following lines :-— 

Mantle evenly conical, posterior end sharply produced; the breadth 
across the lateral angles of the fins shorter than the length of the same, 
and nearly equals the distance between the line of the breadth and the 
apex of the fins along the median line. This line joining the lateral angles 
lies at about the anterior fourth of the length of the fins. Hooks on the 
hand portion of the tentacle in eighteen pairs; fixing apparatus with ten 
to eleven suckers. M. robusta DAL. VERILL, 

Mantle bulges out at about its anterior third, posterior end sharply 
produced ; the breadth across the lateral angies of the fins nearly equals 
their length, and lies at about the anterior third. Hooks on the hand 
portion of the tentacle in thirteen pairs; fixing apparatus with seven or 
eight suckers. _ M. lénnbergii IsHmKAwA et WAKIYA, 

Mantle bulges out near its posterior third, posterior end not much 
produced ; the breadth across the lateral angles of the fins greater than 
their length, and lies slightly posterior to the middle of the length. Hooks 
on the hand portion of the tentacle in thirteen to sixteen pairs; fixing 


apparatus with eight to thirteen suckers. M. ingens (Ki. A. SMITH.). 


EXPLANATION OF PLATES. 


All the figures are photographic reproductions from nature, by Messrs. T. Kacryama, 
R. Kuso and N. Taxrawast. 
PLATE XLV. 
Moroteuthis lénnbergit Isuixawa et WAkrTyA. 
5, ventral view. 1/2 nat. size. 


/ 


Fig. 1. Female animal, specimen No. 
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PLATE XLVI. 
Moroteuthis lénnbergii IsHikAwaA et WAxTYA. 


Fig. 2. Tentacular clubs, specimen No. 4. Fig. 2a, left, oral view; Fig 2b, right, 
aboral view. Twice nat. size. 

Fig. 3. Head, specimen No. 5, dorsal view, showing the dermal structure. Nat. size. 

Fig. 4. Siphon laid open, showing the siphonal organs and the valve. Nat size. 

Fig. 5. Left mantle cartilage. Nat. size. 

Fig. 6. Head, ventral view, showing the siphonal groove; the siphon is pushed a 
little to one side. Nat. size. 

Fig. 7. Oral cone with basal portions of the arms, specimen No. 5. 2/3 nat. size. 

Fig. 8. Head, side view, showing the longitudinal foldings on the neck, specimen 


No. 4. Nat. size. 
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